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SUMMARY

As part of a study carried out at Cornell Aercnautical Laboratory for the
U. S. Army (Contract No, DA-30-069-AMC-645(R)), two digital computer
programs were prepared which direct the calculation of the time-varying
flow in the vicinity of a helicopter rotor in forward or hovering flight,
Fuselage interference effects are taken into account. The applicability of
these programs to specific problems and procedures for their use are the

subjects treated here,

First, the assumptions made in constructing the mathematical model and the
relationship of the model to the physical flow are outlined. In this connection,
the assumptions necessary for numerical analysis and the functional structure

of the programs are also given,

Then, the formulations which were coded are presented, Included in the
formulations are the coordinate identifications used and the definitions of

program variables.

Finally, the procedures for implementation of the programs are given, The
relationship of input quantities to aircraft flight parameters, program
accuracy and computer running time are specified, A sample calculation,
including both inputs and outputs, is presented. Program listings and

operational information related to the programs are given in appendices,
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FOREWORD

The work reported herein, performed between September 1964 and September
1965, was accomplished by the Cornell Aeronautical Laboratory, Inc., (CALJ),
Buffalo, New York for the Director of Ballistic Research Laboratories, (BRL)
Aberdeen Proving Ground, Maryland, The research effort was periormed
under Contract DA 30-.069-AMC-645(R) and was monitored for BRL by

Mr. Thomas Coyle as Technical Supervisor, Dr. Peter Crimi of CAL
conducted the study and received assistance from Mr, Alexander Sowydra
during the development of the mathematical model and Mr, Harvey Selib for

the digital computer programming.

This document is Part 2 of the final report under the contract. It describes
the formulation and application of the rotor.wake flow computer program and
is of use primarily to those who plan to use the digital computing program.
Part 1 of the final report describes the development of the theory, discusses
the results of the computation, and provides a comprehensive discussion

of the work performed under the contract,

CAL Report Numbers have been assigned as follows:

BB-1994-S-1, THEORETICAL PREDICTION OF THE FLOW IN
THE WAKE OF A HELICOPTER ROTOR, Part 1 - Development

of Theory and Results of Computations

BB-1994-S-2, THEORETICAL PREDICTION OF THE FLOW IN
THE WAKE OF A HELICOPTER ROTOR, Part 2 - Formulation
and Application of the Rotor Wake Flow Computer Programs
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1. INTRODUCTION

A study was carried out at Cornell Aeronautical Laboratory for the U, S.
Army (Contract No. DA 30-069-AMC-645(R)) with the objective of developing
a theory for the prediction of the flow field in the wake of a helicopter rotor.
As a part of this study, two digital computer programs were prepared which
incorporate the analytical models derived, Given the {light conditions and
geometric configuration of the aircraff, the programs direct the computation
of the time-varying flow at arbitrary points in the wake of a translating rotor,

Account is taken of fuselage interference effects.

This report is intended to provide the information which would be of use to
technical personnel who have need of the data which these programs supply.
An outline of the mathematical models used, the major simplifying
assumptions applied and the relationship of the mathematical model to the
physical flow are given so that the user may determine the applicability of the
program to his particular problem. In addition, the equations which were
coded are given and the necessary inputs are listed together with their
relationship to flight conditions and their effect on running time and overall
accuracy. The latter information will allow the user to convey to a computer
programmer sufficient data to implement the programs in the manner

desired.

No attempt has been made here to present rigorous derivations or complete
justifications for the formulations given and assumptions made. The intention
rather is only to provide sufficient information concerning the model so that
its limitations and applicability are made clear, The complete derivation of

the theory which the computer programs implement is reported in Referencel,

The information necessary for the physical operation of the programs is
given in Appendices I and II. Included there are program restrictions,

usage, data preparation, and coding information.

"




2, THE MATHEMATICAL MODEL

DISCUSSION OF THE PHYSICAL FLOW

It is desired to define analytically the flow in the vicinity of a helicopter in
translational or hovering flight out of ground effect, Consideration is limited

to craft having a single rotor with from one to four blades.

There are three primary contributions to the flow at 2 given point relative to
the aircraft., Specifically, the rotor blades, the wak= of the rotor blades, and
the fuselage all affect the air velocity, These three effects are interrelated
in a highly nonlinear manner, The lifting blades induce a flow on their

wake, causing the wake to distort, The distorted wake induces a flow on the
blades, altering their loading, the two combine to affect the flow about the
fuselage, and the fuselage in turn affects the blade loading and wake displace-

ment,

The blades may be regarded as wings of very high aspect ratio in a free
stream which is varying harmonically in time. The wake is generated by the
blades as a thin sheet of vortical fluid, This sheet has been observed to roll
up very rapidly into a pair of vortices (see Reference 2) so that except for the
region a few chord-lengths behind the blade, it appears that each blade has
trailing from it two vortices, one from the vicinity of the tip and one from
the root. Smoke pictures (Reference 2) and the results of an analytical treat-
ment of the wake of a hovering rotor (Reference 3)indicate that the root
vortices are rapidly swept up through the center of the rotor plane and then
dissipated., The root vortices, therefore, contribute very little to the flow.
The smoke pictures also indicate that the tip vortices are quite stable and
experience very little viscous dissipation, sustaining themselves for

several rotor revolutions.

From the point of view of the fuselage and/or any nonlifting appendages, the
ilow appears as the superposition of a steady free stream caused by the
translation of the aircraft and the periodic flow induced by the rotor and its
wake, The contribution of the fuselage to the flow at any point is essentially

that due to a body of complicated geometry in unsteady potential flow.
2
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THE MODEL FOR THE ROTOR

A wing of high aspect ratio may be mathematically represented, to a very good
approximation, by a line vortex with a spanwige variation of circulation such
as to produce the proper variation of lift in the spanwise direction (see, for
example, Reference 4). Each rotor blade has, therefore, been replaced by

a line vortex with one end located at the position of the rotor hub and the

other at the position of the blade tip. It has been assumed in adopting this
model that the fluid is inviscid and incompressible, This assumption has

also been made in formulating the models for the wake and fuselage,

A rigorous treatment of the kiade effects would include the specification of
radial and azimuthal variation of the circulation about these blade vortices

in terms of the blade geometry, the blade motions, and the flow induced by
the wake and fuselage, However, it is known a priori that the circulation
does not vary substantially in the radial direction and that it varies
azimuthally in such a way as to provide nearly a constant lift. Insofar as the
blades affect the flow, then, they may be well represented by varying the
circulation sinusoidally so as to produce nearly a constant lift and by taking
the circulation as constant in the radial direction. This representation \of the
rotor has been adopted, with the total lift produced by the vortices made to

equal the weight of the aircraft,

THE MODEL FOR THE WAKE

Since the wake of a rotor has been observed to consisi primarily of vortices
emanating from near the tip of each blade, the wake is represented by
potential vortices, one originating from the tip of each blade vortex, which
terminate at some arbitrary point far downstream. The circulation about a
wake vortex in the physical flow at any given point is simply related to the
circulation about the blade when it generated that portion of the swake,
Consistent with that relationship, the circulation about the model of a wake
vortex at any point is prescribed to be that which the vortex representing

the blade had when it produced that wake eiement,
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As a segment of a wake vortex is generated at the tip of a blade vortex when
the blade vortex rotates and t{ranslates, a corresponding segment is discarded
at the downstream end of the vortex, In this manner, the program is not
encumbered by a wake of ever increasing size, while the essential structure

of the wake is retained.

It should be noted that the positions of the wake vortices are not known a
priori. The positioning of the wake is a function of the spatial and azimuthal
variations of the flow, which in turn depend on the wake geometry itself,
The location of the wake vortices, in fact, constitutes the primary function of
the program. Once the wake has been located, at a given instant, the flow at

any arbitrary point is completely defined and may be computed in a straight-

forward manner.

An enormous simplification would, of course, result if the wake geometry
were prescribed by using some plausible assumption. This, in fact, has
been done in a number of analyses and useful results obtained. For example,
the time-varying flow in the rotor plane (Reference 5) and an indication of tke
spatial distribution of the time-average of the downwash (Reference 6) have
been obtained in this manner, However, this program has as its objective
the accurate prediction of the time-varying flow at arbitrary locations in the
vicinity of the aircraft; wake distortions are a major factor in defining this
flow, and can neither be neglected nor assumed known without introducing

unacceptably large errors.

Also, it should be noted that the wake vortices must be assumed to have a
small but finite core of rotational fluid (which, in fact, a physical vortex must
have) even though the flow external to this core is precisely that due to a
simple potential vortex having an infinite velocity at its center. This
assumption is necessary because, if the wake is to be allowed to convect
under its own influence, then the effect of immediately adjacent wake elements
on a wake vortex must be computed. If a simple potential répresentation
were used, infinite velocities of convection would then be predicted throughout

the wake, On the other hand, the so called self-induced (i, e., locally induced)
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fluid velocity acting on a finite-core vortex may be obtained in terms of the
local curvature of the vortex and its core radius. The expressions for this

velocity have been incorporated in the program.

The size of the core of a physical vortex is related to the kinetic energy in

the flow. This relationship may be utilized to provide a rational means for
computing the core size of the wake vortices for the model. This was done,
and computations were performed which revealed that core size is relatively
insensitive to flight conditions or blade azimuth and that a value for core
radius of five percent of a rotor radius may be utilized for ail flight conditions

without introducing significant errors.

Core size may change significantly due to stretching of wake vortices; the
volume of the rotational core must remain constant in an inviscid flow.

This effect has been taken into account in the formulation,

THE MODEL FOR THE FUSELAGE

The fuselage is represented as though it were immersed in a uniform free
stream of constant magnitude and direction, The assumed free stream
consists of two components, one being the negative of the velocity of translation
of the aircraft, and the other being a time and spatial average of the down-
wash induced by the rotor ..nd its wake., The latter component may be computed
by temporarily omitting the fuselage representation from the program and

evaluating the desired averages where the fuselage is located,

At high forward speed, the time and spacial variations of the stream
experienced by the fuselage are small, and so may be neglected without
causing large errors. At low forward speed the flow over the fuselage does
vary substantially, but the total effect of the fuselage is then small in
comparison with wake and rotor-induced effects, arnd so the error is again

not appreciable,

Since, in general, the geometry of a helicopter fuselage cannot be adequately
described analytically, neither can the flow about the fuselage be represented

in simple closed form. However, assuming that the fluid is both incompressible

5
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and inviscid, whick it very nearly is, the potential flow about a nonlifting body
may always be represented by replacing the body by a surface distribution

of potential sources having spacially varying strength (see Reference 7).

This representation has been used to compute the effect of the fuselage on

the flow.

ASSUMPTIONS FOR NUMERICAL ANALYSIS

The models of the rotor blades, the wake, and the fuselage described above
may, at least in general terms, be formulated as continuous functions of time
and spacial coordinates, A digital computer cannot, of course, continuously
integrate continuous functions. Therefore, step-wise and interpolative

approximations have been made.

A rectangular integration scheme is used in performing integrations in time,
That is, when integrating velocity to compute displacement, the velocity is
assumed to remain constant over an interval of time corresponding to a small

finite change in the azimuth position of the blades.

Spacial integrations over the wake vortices are performed by assuming that
these vortices are made up of small rectilinear vortex segments whose
circulation is constant from one end point to the next. The position of the
wake is then defined by the locations of the end points of these segments,
Consistent with the approximation made in the time integration, the initial
length of each wake segment is the length of the arc swept out by the blade

tip over the interval used for time integration, Self-induced effects at a given
wake point are computed by taking, as the local curvature, the reciprocal of
the radius of the circle passing through the wake point in question and the two

wake points adjacent to it,

The surface of the fuselage has been replaced by a set of plane quadrilateral
source sheets, The source strength per unit area for a given sheeti is
assumed to be uniform over the sheet, The determination of these strengths

may be separated from the actual computation of the flow, and is accomplished
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with a separate computer program. The output of the latter program then

forms part of the input to the main program.

FUNCTIONAL STRUCTURE OF THE PROGRAMS

The Main Program

The program modeling the rotor, the wake and the fuselage has been con-
structed to form a numerical anaicgue to the physical flow., Given an initial
wake geometry and aircraft flight conditions, it proceeds to integrate in time,
convecting the wake according to the analytical prescriptions described above,
The process will continue through as many rotor revolutions as desired, It
has been found that generally a periodic flow is eventually established after
which, of course, no further information can be obtained by continuing the
computations. A criterion has been found for choosing a number of rotor
revelutions sufficient for the establishment of a periodic flow, This criterion

is given in the discussion of program implementation,

As the computations proceed, the wake configuration, as well as fluid
velccities at any points desired, at a given instant (i. e., azimuth position)
are stored on tape. This information is relinquished as output upon

completion of computations.,

The flow of information as computations proceed is represented schematically

in Figure 1,

The Supplemental Fuselage Program

As noted previously, the function of the supplemental fuselage program is to
determine the strengths of the source sheets representing the fuselage, The
procedure used is based on the method reported in Reference 8. The program
is given the locations of the quadrilaterals representing the fuselage surface,
It is then required that the combined effe' ¢s of the free stream and the sum

of source-induced velocities be such that the fluid velocity normal to each

element be zero, This requirement provides a set of linear algebraic

——y s
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equations with the source strengths as unknowns. The fuselage program
computes the coefficients for this set of equations and then solves them, using
a simple iterative procedure, The strengths and related geometric parameters

are the outputs, which are then used as inputs to the main program.
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3. FORMUILATIONS FOR THE MAIN PROGRAM

In the following sections, the equations are given which were coded for the
main program, All distances have been nondimensionalized by rotor radius

R and velocities by rotor tip speed 1R, where nis the angular velocity of

the rotor.

COORDINATE IDENTIFICATIONS AND NOMENCLATURE

Rotor and Rotor Wake

A coordinate system fixed in the tip-path-plane of the rotor is used. The
model for a two-Dbladed rotor and its wake is shown in Figure 2, As noted
on the figure, a free stream of dimensionless magnitude s is directed at an
angle ay to the tip-path-plane and parallel to the -3 plane. The azimuth
position ¥ of the rotor is defined to be the angle between blade vortex 1 and
the z-axis, as shown (blade numbers increase in a counterclockwise direction
when the rotor is viewed from above). The points P‘-j are the wake reference
points; the first subscript, ¢ , increases successively proceeding down the
wake vortex for a given blade, and the second subscript, j , denotes the
number of the blade which generated that wake vortex, Each wake segment
is associated with that end point having the lower first subscript, For
example, the element between points 7, and A, is denoted as element (2, 2).
Each element (/,;) is assigned a dimensionless core radius a,, and
strength /::/' . For convenience in computation, the latter quantity has been

normalized by the average circuiation about the blade vortices,

10
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Fuselage

The model of the fuselage is referred to the same coordinate system as is that
of the rotor and its wake, The surface representing the fuselage is shown
schematically in Figure 3, with a few representative source-sheet elements

outlined.,

Tp&{ﬂar -~ \ A 4 Y
i::::::::::‘.b : — -y

M cos Xy

FUSELAGE
ELEMENT m

Figure 3 SCHEMAT!C REPRESENTATION OF FUSELAGE MODEL
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The fuselage is assumed to be subjected to a uniform free stream with

% - component pcos @rand 3-component i -~ sin@y, where &; is a time and
spacial average of rotor and wake-induced velocities acting on the fuselage

in the 3-direction., The fuselage has been assumed to be symmetric about

the z-gplane, so that only half of the fuselage need be considered. The source
elements are numbered consecutively from m= 1 tom= Ng, where M is the
number of fuselage elements representing (half of) the fuselage, Each fuselage
element has its vertizes numbered (from one to four) in clockwise fashion

when viewed from the exterior of the fuselage,

Associated with each fuselage element m are the normalized source strengths

and O

" The total source strength of element mis thus
m

T

cos axra, + (@ —xeSer
o T Zm (¢ /“ 2 CZT)C";'m

The quantities 0;m and O';M are computed by the supplemental fuselage program,
as described in Formulations For The Supplementary Fuselage Program,
Certain other quantities are also obtained from the supplemental fuselage
program and used as inputs to the main program, These quantities define

the position and orientation of the elements., Their definitions are given in

Formulations For The Supplementary Fuselage Program.,

EQUATIONS FOR COMPUTING DISPLACEMENTS AND VELOCITIES

General Equations

Let v;(%,y, 3.0),vy(%y.3,¢) and zr}( %4, 3,¢) denote the dimensionless components
of fluid velocity at point (zy.pfor the rotor at azimuth position ¥ . Then if
(x’ij*yij: h'j) denote the coordinates of vortex end point P;;» the wake

displacement is given by

13
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2 (P+AV) = w; ;W) t VU Qeig o Yeoor js ien s VAV

Yi J(¢+A‘p) = yo'-f,J()o) *+ U:l/ (29“_-,“}_, Y, -1, ? 3'4'_71‘]' :V’)A‘//

3. (V*+4AY) T Fir,i (W) F (P it o Fier,jo V) BY (1)
for =23, ", Ny+7
and J=1,2, -, Ng.

The integers Ny and Nydenote, respectively, the number of blades and the

number of wake elements per blade included in the calculation, and A¢Y is the

incremental change in blade azimuth position:

27
A =
Y Na

where #is an integer, being the numbe. of azimuth stations into which the

rotor plane is divided, and A is the number of revolutions of wake per blade

taken into account.

The wake and blade reference points not determined through equations (1),

namely £; and P; , are simply located according to
%, (¢) = Yoy (Y) = 30j($") =0

2 , .
%, (Y) = €O [w +p;"(s~7):'

2, . (2)
Yi; () = sen [_‘/"" ./E(J_U:I
}’J'(fﬂ) = 0
for Jg = 1,2, -+, Ng .

The fluid velocity components at a point (zy3)needed in Equations (1) and in
the definition of the flow at an arbitrary point, may be broken down as

follows:

14
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F V(4. 3)= Vy(2,4,2) = —?—cascxﬂ- V%(x,q,';’»)‘f Vﬁ(%:‘f-?)

1
S V(.= Vy(n,4,3) = sz/ (%.4,3) + V;‘J (2,4, %)

M

» |

Yy (%,4,3) = Vy(z.4.2) = --Awsinar + Vwa?(x,g,;)i-l/,:’(z,q,;)

(3)

where A is an input parameter which relates directly to the thrust on the

rotor (see Procedure For Implementation Of The Programsji’, , Vo
x 4

are the contributions of the wake and blade vortices and V,-y and Vg are the
n 2

contributions of the fuselage source sheets,

The strengths and core sizes of the wake elements fcr azimuth position

y+4y are assigned in terms of inputs and taeir values at azimuth position ¢ .

Specifically, the strengths are given by

/-;J (¢’+A‘//) = /-L',./’J'(Sa) ’ {

where /g, is the strength of blade element j . The stréngth of blade element 1

at each azimuth is specified as an input, while

. 2mr .
and, of course,
Tg;(¢+2m) = Iy (#).
The core sizes are assigned according to
@;; (Y+AY) = | (oD azb-_,’j(g/l)
¢ = 2,3, 0, Ny
for
J = /’2)..-' NB'

15
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where L‘:j is the length of wake element (i j):
2 2%
- z
bij = [(”M.J -2 )t (Ginn - 9537+ (3o, %’)] (7)
The value for a;J-(W), J =1, 2, ..., Mg, are assigned as inputs.

Effect of Rotor and Wake

The velocity components induced by the blade and wake vortex elements may

be represented b ' i ! . Defi and b
represented by the following relations. Define g, .2, and 2, .
? = 1} G'

o] % (8)
Py = V9T
= 9
7 Fej 3 &

where
2 = (4-9i) (35 - #ce13) = (5-3)(5j - Sint,j)
g = (3‘ 3’6,/)(296./ tf/,J) - (%~ z&’j)(?‘(,'j —iii-i,j)
Ve = (-2 ) Yij =~ Sivrog) = (Y-45) (% =~ Fire,)
I ri; ;P Piet.d
G = e
s { Uh*,J[(r Fring ) "Lij?']}

= [(w-2)%+ (4-915)% +(3 -3.)%]"%

Then, if point (z¢,3)does not lie on a vortex (i, e., is not a wake reference

poiat), wake-induced and blade-induced velocity components are given by

L (%d.3) = Z Z 9 (%.9.3)

(=0 Jj=!

W
R RN ZZ%‘ (%.4.3)

v
¢x0 4=/
Nw Ng

Vs, (%.¢.3) = ZZ% (%y.32)

(=0 4 =1

(9)

16
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If the point in question is a wake reference point, say 7, then

Ny “s

\ = 3

V:cw,(”rs: Yre s Frs) ~ Z Z g'z&'j (”rsv Yrs s Frs )
=0 j=1

i#s

Nw
10
+_Z Fxf‘-s (”rs' Yrs » ?rs) *?sx(x‘n s Spgr 3”) ( )
t=0

ctr-1,r

and similarly for Vy and VJw' The functions g, g, and g, account for
“r Z y ,

self-induced effects, If r>/ these functions are given by

i

rin

£s, (%ps» Irs» %rs) E2

2

: = (11)
#s, (Brss Ynss Bra) = My &
7

m

]

?53 {”rs * Yrso }rs) 3

where
m;r, = (gr‘-/,s-f/rs)(?rs - ;r+/,s) = (yr'.s '9r+l.s)(3r=~/,s - %rs)

mg = (?r—l,s-z‘rs)(%r.s -zr-fl,s) - (%rs - ?r-pl,s)(zr-l,s - 'Zr:)

m} = (’(’r'-l.s "'ﬁra)(grs - 9r‘+l.s) - \/x’rs ’zrwl.s)(f/rd,s "%'s)

/ &F \ 8g\ 1
& - r bon Ler 1 g 292
i"/?'ym;-f-m;+m; Z r‘-/,s[ (a;,._;s)+‘/J+ r':[ (O,rs)+‘/‘ ]}

»

(.. &

Lr-,',s rs - rs

= [,ﬂz er_(’Lz +L2.8 a)z]‘/z

r-1,8 r-/,s rs rs

. is as defin.d previously,
rs

S = z 2 2|2
rs = (x’r-f,s 'x'r-;-/,s) *(’:fr-/,s'qu,s *(Fr-ts '3r+1,5)
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¢ ( f r ) z 2 z2 )
[zae 4@®-L " s LFg s Sdpg Ly
f s
Fe s . (
2 2 2 2
] f-/s [z@*'{‘f‘& —'/"r'-l,s 5 L'__’Js > d"s + LI“S ]
LZ V%ﬁ - 1-'.5 s rs et rs r-is
9 = < _ g
7 2 2 2
[ Ls [Z’Q“L V#«z_ ['fs s Les > g +Lr—1’,s J

If r =1, self-induced effects must be modified to properly account for the

proximity of the blade vortex. In this case,

?sz (xls'ff'fs ) }xs) = ?sx(x25’525’325)r2 =0

gsy (x’!s * Yys o Z’ls) = ?sg ("25’ Yes > }2‘.5}

?5}(“:/5'5’15’3'/:) = ?«si‘(%.stf/Z.s’ 3’25) fysz O
2"5;{ Ay - -/bAW(-——AW+2)

u;m[/ + Loy +-[§AW(§A¢'+2>J}

where f,',sis the strength of blade element $ and R is the ratio of rotor radius

b

(12}

to blade semichord. By the notation

#s. (%25, S25 5 F2s)

Fzs = O
is meant the value for ?sz(%25»925'%25)WhiCh is obtained if zero is substituted

for the value of /7, .

Effect of Fuselage

The following quantities, which are defined in The Formulations For The
Supplementary Fuselage Program, are supplied as inputs from the

supplemental fuselage program:

18




o a,
Xpn ' T Fm?

;km > Nk, » dkm 5 s Ymos ?’m 3
Aqm Py /u.qm ) qu ? A(m ’/L;m ? ﬂgm;
for m=171,2, - Ng and k= 1,2, 3,4

The fuselage contributions to the fluid velocity at a point(zy3)are given by

Ve —
VX.-F(%’ 4,3) = Z, [a;"mv"oo+ Fm V}w][_v"’m ¥ Vx’m]
m= (13)
Ng —~
V‘J (”:‘/’ 3) = Z: [o;mvxw+ G;'mv”oo][vqm " Ym ]
ms=
Ne -
v, %4,8)= ) [ Vet Y[ +Y, ]
m=7
where wa = -';{- cos &y

. Ng
Vv, = -(Zsina, +- 2L
Feo (A "ET T 2 ) ks
and Ky is a correction factor, supplied as an input parameter, whose
evaluation is discussed in Procedure For Implementation Of The Programs.

The quantities V.V, and V} are computed in the following manner, Using
m 'm m

matrix notation,

[ V%mq — 'Agm )\qm ;\;m 1 [ V;m_‘
V‘Jm = ’“;m #7'" M5 V7m ‘

(14)
v, Yy Py, Ve

L L L L. -

where Ag , 4, and z/;m are given in terms of input quantities:
m’ ’m
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Afm = /L'?m ng —/L;'” z}7m
/'Lfm = 7/'7,,, A;.m - z};m A'7m

7}.‘50) = A']m/'b;m - x{::'»')/“("'11'!7

m

d;:, and d:,,., are computed:
Lsm = (Ssm = E1m) "+ (Nom = Y1m)
défn = (54,,," 52».)2 + ('7'/m - '7Zm)a

2 2 2
and dy,is set equal to the larger of ds, or e, . Then Emilm @and(,, are

The quantities I, l{! and V. are obtained in the following manner, First,
m m

2

obtained from

— -

gm Agm /u’fm jjfm X -Zm

i

N
Z;m Agm/"l’l,’m/“;’,,, J 3_?”)

=N -

A"')m'u’m z/m I Im (15)

S| r'a’z is computed from
m

2 2 2 F1
y‘o = 5m+}7m+ 5

Also, '&,f, is obtained according to

2
th s lom (16)
m d 2
m
If t,:>6 » an approximate method is used to compute me , V7m and me . If

f;,i <6 the exact method is used (the accuracy of the approximate method is

discussed in Reference 8),

Approximate Method (¢, > 6)

20
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S _n ,.i
V = m m

Mm ro':n

°,,¢

v - m?’m

Sm ro:,, .

(17)
where /
S, = 7 (;3,,., - E/m)('lzm" D)

Exact Method (¢, 246)

The following additional quantities are computed if the exact method is used

(note: if a vertex subscript k = 5 is called for in any of the following equations
this is understood to mean that k = 1 is to be used):

CRR AL SRS RrAS

€im gmz + (gm - g"(m) *

n

hkm (nm -r]km)(‘rm _é.km)

‘

Nk+t,m ~ Nkm
m = 2
km ‘Ek#-f,m - gkm
all for k =1, 2, 3, 4. Then

'7k+f,m -7km) 4 [r*m T Tkrt,m 'dkm]

rkm + rk+1,m *d'km

3"‘<
n
M-
—
X
x
3

&%

r P+ 1,m ~d m
V. = Z (gkm -¢k+1,m) J’V[ km M k ]

k=1 Lk Phm * 7 kt1,m * Fkm

(18)

S
"

m

z { mkm Skm "/’km -1 Mkm ek+1,m_hk+ I,m]
Z tan™! - tan
an

k=7 é’m Pkm ;mrk+1,m J

where the arctangent is understood to lie between -27? and 272— . 1
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The computation of V, ,V, and Vmis identical to that of V,, , V, and ¥,

m’ ym 3 -
respectively, except that instead of evaluating tne various functions at the
point (xy4,3), the point(y-43)is used. That is,

V. (%,4.3)

Vz&m(”""j’ 3‘) (19)

V, (5.9.3) = V, (4-9.3)

ng (x,% 3‘) = V}_m (”)_‘;/7 3')

22
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4, FORMULATIONS FOR THE SUPPLEMENTARY FUSELAGE PROGRAM -

PRELIMINARY REMARKS

The formulations given below generally correspond to those reported in
Reference 8, but adapted to the problem treated here., Referring now to the
coordinate system of the section on Coordinate Identifications And Nomenclature
above, it is assumed that the fuselage is symmetric with respect to the z-2

plane and that the free stream is parallel to that plane.

As a first step, that half of the fuselage for which y is positive is approximated
by a mesh of quadrilateral elements. Those portions of the surface having
large curvature must, of course, be divided into smaller elements than are
adequate elsewhere. The elements are numbered sequentially, beginning

with some convenient element, say at the nose,

Consider the m**quadrilateral element (m=1, 2,° Ng); its four vertices are
numbered clockwise when viewing the element {rom the exterior of the
fuselage, the selection of vertex 1 being arbitrary, The coordinates of these
vertices, dencted (ﬁkm, g"’»,'?"m) for K=1, 2, 3, 4, are supplied as inputs to

the program.,

EQUATIONS FOR COMPUTATION

The major portion of the program is directed to obtaining two sets of linear
algebraic equations having the normalized source strengths as unknowns,

These two sets of equations may be written in the form

Ne
B, C, =-A
g mn Y%, E ? (20)
m—/rz.- ) A/ﬁ'

Ne

Y-' = -
L, Bmn 9y, ’)s‘,,, ?
n=/

23
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The program then solves these equations by a standard iterative technique
{convergence is rapid because the matrix of the coefficients B_ is very

nearly diagonal) to obtain the G 5 and o"3 S
m m

The coefficients and inhomogeneous terms of Equations (20) are computed as

follows, First, let

B.. = A__ +A

mn mn

(21)

mn
Ann and ,z];m relate directly to the velocities induced by element n and its
image, respectively, on element m.

Computation of A,,,

First, the quantities

a”,, = <gﬁ‘n ‘an)(%Bn"?‘m) —(}fn —}Zn)(ff.?n'f/m)
= (31"7 “Fan )(x5n _x1n> "(734&,, -%2, )(}Bn'ffn)

:(x":‘n -er))(g-?n".‘/fn) _'(yﬁ‘n'an )(xan"x'in) (22)

M

&«
/ —_ 1 — 7/
= ZkZ_'-f Xkn s Yn < P Yxn » 2 kn =?k2=; Zkn

=/

7('

are computed. These quantities are then used to compute

Zfin= (a2 +/6 37 ){(}5/\/ o )(X’k “‘5) X Bu (‘!kn In )= Fn, T, (Fxn- 3«»)}

7

. 23
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7

3’/:,n :(w”j "'/86’,? F 7{*’:) {(a":-’-ﬁ”i )(%kn';‘n) - 76\‘__ a/Vn (xkn -in) i 7Nn /BN,, (gkn -gn)}

for k=1, 2, 3, and 4. These transformed coordinates are then utilized to

compute the direction cosines ’\g g s 7/4 :
n n Sn

24
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A;n xfin -th
_ ( » ” >2 ( ” PRV o 7 \2 -ve ” ”
/a'?’fr) = \P3, - X15) T30~ y’”) +(3’3n - ;fn) Y3n =~ Y1n
(24)
__Vgn_ _&3,;2 - 3’/:)_
Then A;,n,,u:n and 1{,’.’, are computed according to
A"’n ) a,;n
_ 2 2 271172 25
/u;n - [a;'vn + /6Nn * 7/”,, ] ﬂ”n ()
e, 7w,

and the direction cosines obtained from Equations (24) and (25) are used in

I i £ Y
the computation o ;\,7'7 » My, and 2/,7”

A

In ’u‘gn’j‘{n —/u'fn’);n
Vgn 7\6” - 7/En Agn

#, (26)
7)»7,, = Ag, py, ~ Ag i,
Then, the following transformed coordinates are computed:
;mr] }\é'n /cé',, 7J4',, %m - ;n
Dmn | = }\'7n /'(’r]n 7}% gm - f?n (27a)
KN R AR A R 2
r - 1T %"
;kh Agnﬂf 7J£ kn
n 7n
= Ykr (27b}
L_,7kn ] Yt Ij?”_ kn
Next, the quantities
dfﬂz = (an - é‘ln )2 +('73n "7m)z
(28)

dénz = (é%n - ;Zn)z + (Nen -'72”)2

25
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., 2 z
are obtained, and d7: is defined to be the larger of 5, or d¢, . Then

2 2 2 2
ramn = ‘fmn + '7mn + 4-mr: (29)
and the quantity
2
r
i = )
&y,

. 2
are computed, If tm?;, > 6 , an approximate method is used. If 2,5 6 , the

exact formulation is applied, In either case, the quantities V§ ,V, and V,
mn 7!770 mn

are computed, which in turn are used to evaluate

\{Y’mn A gn 7\‘7,, A;n \/§m,, (31)
- A
vymn = [H %n H n It ;f? /7mn
J
Yimn YV en || Ve
whereupon
Am” - }\(m men +/L;m Vymn 4 1"}4_”'1 Vg’m” (32)
Computation of ngnavqm'vgmby Approximate Method (%,2 > 6 )
In this case,
V;mn 5 ;mn
= _n (33)
l/’7['7‘)n - ;»a 3 '7m n
V(mn -;mn J

where

S, = 5/ [é‘sn “ffn] ['72'7 - '7“"]

Computation of ng,,’ Vr;,,,,,’ me,, by Exact Method (‘é,,,z,,Sé)

The following additional quantities are first computed (note: in the following
equations, if a vertex subscript & = 5 is called for, this is understood to

mean that £ =1 is to be used):
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dy, = [(5“1,,, - gk,,Y * ('7;(4-1,,7 - Wkn)z}”z

Pkmn = [<;mn - ékn)z + (’]mn - 17‘",)2-!- ;mnz]VZ

;‘m: + (‘{mn - Zkn)z

ekmn

hkmn = (r[mn "71‘")(%:)’”" - gkn)

- Nk~14n = xn

my
Skrton = Sxn

n

all for k =1, 2, 3, and 4,
Then

4
V; = Z ('7k+l,n -an) 2 [rkmn + rk+1,mn "dkn

k=t dkn Phmn + Fk+ !,mn *kp

vq = (34)
mn

pv4
Z (ékn - gk-ﬂ,n) ; [rkmn + rk+1,mn_dkn

k=7 s Tkmn * Tket,mn +dly, |

o
V; - Z td,ﬂ—l Min Chmp - hkmn _ zgan-/ Mk Cxst,mp ™ hk'”,mn
mn k-

e kmn (mn "k+1,mn

-~

where the arctangent is defined for the interval --g to -7{ .

Computation of A

The computation of A-,,m is carried out in the same manner as that of Amn >
with two exceptions, First, the g coordinate of element m is replaced by its
negative; specifically, (zm,gm‘;m) are replaced by ('i‘m,—‘g'm,}‘m) in the
computation of ;mm%m and g'mn. Second, the formula for A»mis altered
slightly so that

27
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Am’, = K;- men "/44;’" “/ymn + v

m gm 3’mr)

v, (35)
where the bars over V, etc., indicate that they were obtained using -g’m in
mn

place of 7, .

It should be noted that certain indeterminacies are encountered in the
formulas for 4, (but not A, ) when m=n, The computation of 4, is,
therefore, omitted, and the proper limiting value for that quantity of Z#

is specified,
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5. PROCEDURES FOR IMPLEMENTATION OF THE PROGRAMS

THE MAIN PROGRAM

Assignment of Input Parameters

There are a number of input parameters, certain of which relate directly
to aircraft flight conditions, and others which must be chosen on the basis
of past experience and best judgement, Each of the input parameters is

discussed individually below, A sample collection of these parameters is

then given for a representative aircraft and flight condition.
1, Advance Ratio re

Given the aircraft forward speed V¢ in feet per second, rotor radius R in feet

and rotor angular speed A in radians per second, &« is calculated according

2,

to
\7
fs
= —— (36
“=ar 136)
2, Number of Blades N,
The program has the facility to handle rotors with up to four blades.
3, Loading Parameter A
This parameter is given by
$w
A= > =7 (37)
w /VB/0.0. R

where 2 R and A are as defined in 1 and 2, Y is the air density in slugs per

cubic foot, and W is the total weight of the aircraft, in pcunds.
4, Tip-Path-Plane Angle &7, in Degrees

In the absence of measured data, the value for this angle may be estimated

by the formula
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360 \ Cp, 22

where Cp is the drag coefficient of the fuselage, defined by
O
Cp = —5—3
by %0 %zﬂ,}?z
where O, is fuselage drag.

5. Number of Azimuth Stations per Revolution, N,.

Since running time increases rapidly with increasing #, (approximately

as /\/A" ), a careful choice for this number must be made. It has been found
that for a two-bladed rotor sufficient accuracy may be obtained with Ny = 12,
It is difficult to define time variations of fluid velocities if A, is less than this

number (for A/, = 2), and running time becomes excessive if it is made larger,
6. Number of Revolutions of Wake per Blade, Ajg.

The total number of wake elements included is proportional to Mg, so running
time is also sensitive to this number., Generally, the higher the advance
ratio, the smaller the value of Ap;needed, provided interest in the flow is not
directed to the far wake., For example, M, = 2 is sufficient foru= .25 and

Ng = 4 suffices foru=,15, to satisfactorily reproduce the flow directly

beneath the rotor plane.

7. The Strength of Blade Element 1 as a Function of Azimuth

The normalized strength of blade element 1 at each azimuth station must be

specified. In the absence of measured data, the formula
/}’((f/) = 7] - Zlu.siny’l (39)

provides a suitable app: ximation,
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8. The Core Size of Each Wake Element, a,"j , at the
Start of the Program

Each wake element {¢,j) for¢=1, 2, ..., NgN,; andy =1, 2, ..., ¥z must be
assigned a core size in order to start the program. It has been found, by
estimating the core sizes of wake vortices for numerous flight conditions,
that

‘= 7)21'..1NRNA

40
j::f,z,"',/va ( )

a’b.j ( ¢Iinié) =.05

can be utilized for any normal operating condition of the rotor. The
variations in core size from this value with changes in advance ratio and

loading were found to be negligible in their effect on the flow,

9. The Core Size of the Wake Element Attached to Blade 1,

@, , as a Function of Azimuth

For the same reasons as noted in item (8) above, it is sufficient to let
a =,0
/1 (¢) 5 (41)
10, The Initial Value for the Azimuth Position of Blade 1,
¥;pit» in Degrees, and the Number of Rotor -

Revolutions to be run, Ngy .

The value for init is , of course, arbitrary, and is generally made zero,
If a case is being investigated for which a periodic flow may be obtained
(which generally occurs for x4 greater than about ,08), it is desirable to
make N, large enough to allow periodicity to be established, It has been
found that, for a two-bladed rotor, a periodic flow is usually obtained after

about A, revolutions of the rotor. That is, if

Ngy 2 Ng (42)

a periodic flow will be established,
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11, Initial Wake Configuration

The option has been provided whereby the initial wake geometry; i. e., the
coordinates of the wake reference points P;;,i= 1,2, NaNe+1, j=1,2,-, Ng;may be
specified as inputs or may be computed as part of the program. The computed
configuration is a skewed helix with skew and pitch dependent onx and 2 .

The option for specifying the geometry as input allows the program to be
continued from a previously computed geometry. Thus, if additional
information is desired after a run has been completed, the program may be
restarted at the point where periodicity has been established rather than from

a skew-helical configuration.
12, Coordinates of Points at Which Flow is to be Determined

The zgand 3 coordinates of those points at which fluid velocity components
are desired should be specified. The maximum number of points which can
be handled is 300,

13. Correction Factor K

The value for the 3-component of the free stream experienced by the fuselage,
which is needed to assign the strengths of the fuselage source elements, may
be estimated, using momentum considerations, to be
# Ns

- (i— Sin&r + '/—Z—;\— o
It has been found, though, that the average downwash experienced by the
fuselage may, in some cases, differ considerably frorn this value, Therefore,
a correction factor K; has been applied to make the downwash used correspond

to the correct value. The following procedure may be used to obtain the

value of .

First, the main program is run, with the fuselage representation omitted,
until a periodic flow is established, The fluid velocity is computed during
this run at several points (it has been found that 25 points are sufficient
for a UH-1B fuselage) within the volume which the fuselage occupies. A

simple average over one period of the value of V;,as given on the output sheet,
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is then computed for each point, and the spacial average of these is in turn
computed. Denote this combined spacial and time average of Vy by _\73_.

Then K;is simply given by

Kg = ~ V3 (43)

fiad /Na
(—i_ Stnr+ .-Z_j-)

14, Fuselage Parameters

All the parameters necessary for inclusion in the main program to represent
the fuselage are obtained directly from the supplemental fuselage program,

The latter program has been coded to punch the cards needed directly.

SAMPLE PROBLEM

For illustrative purposes, consider a UH-1B helicopter operating at a forward
speed of 60 knots and a rotor speed of 300 rpm. The total weight of the
aircraft is 5675 pounds, the drag coefficient of the fuselage, Co, » is .014, the
rotor radius is 22 feet and the blade semichord is 10, 5 inches, A
programmer would then need, in addition to the appropriate outputs from the

supplemental fuselage program, the information listed below.

Number of blades Nz = 2
Number of Revolutions of Wake Ap = 4

Number of Azimuth Stations A= 12

A = .,060209
M = . 1465
@y = 2,62 degrees
V3w correction factor K= 2600
R _
i 25,1

Number of fuselage elements N;= 96

¥ initial = 0

NRV = 4.5
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AZIMUTH
¥ - deg FB, (¢) ey ()
0 1.0 .05
30 . 8535
60 . 746
90 . 707
120 . 7146
150 . 8535
180 1.0
210 1.1465
240 1.254
270 1.293
300 1,254
330 1.1465 ¥
Velocities are to be computed at:
% Y 2
-1 .3 -. 4
- .5 .3 -. 4
0 .3 -4
5 .3 -4
1,0 .3 -. 4
34
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Selected pages from the output for this case are shown on the following pages.
The first of these, listing the parameters, is self-explanatory., On the next
pages, the station number, running from ! to 49, refers to the first (¢)
subscript of the wake reference points, and, of course, the blade number is

the second subscript {j). All velocity components printed out, i, e., those

at the wake reference points and those at other points, are the quantities defined
by Equations (3). Thus, the actual velocity components at the points in

question, in dimensional form, would be obtained by multiplying the print-

out variable by (A) (2R).

THE SUPPLEMENTAL FUSELAGE PROGRAM

Operation of the supplemental fuselage program requires specification of
the number Ay of fuselage elements to be considered and the coordinates of
the four vertices of each of these elements., As noted previously, the size
of these elements must be varied, depending on local curvature and the
accuracy of the flow representation desired. Computing time ‘or the main
program increases rapidly with A;, so as large an elemen. sizc as possible,

compatible with accuracy requirements, should be selected.

As an example, the inputs used for computing the source strengths needed
to represent an idealized UH-1B fuselage are tabulated on the pages which
follow. The element sizes chosen for this case appear to provide a
reasonable compromise in meeting running time and accuracy requirements,
Note that the vertices are numbered in the clockwise sense with the element

viewed from outside the fuselage.
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TABULATION OF SURFACE-ELEMENT VERTEX
COORDINATES FOR A UH-1B FUSELAGE

ELEM::‘NT Mo 2ty | Sim | Bt || B2om | Y2m | Fom|| Zom | Yom | Fam | Ztm | St | Fem
I -.5!9 {.0i9 |-.425) -.519( .013 | -.378|| -.519 0 |-.376] -.5I9 0 |-.U425
2 -.519 | .042 [-.422fl -.519| .032 | -.382(l -.519 | .GI3 | -.378|( -.519 | .0I9 |-.u25
3 -.519 | .049 |-.UlI4l -.519| .049 | -.403|l -.519 | .032 | -.382 | ~-.619 | .042 ]-.422
4 -.1498 0 |-.u52f -.ue8| .038 | -.uug|[~.519 | .019 |-.425(-.519 0 |-.U425
5 -.498 | .038 [~.u48| -.u98 | .076 | -.437|| -.519 | .042 [ -.422} -.519 [ .019 |-.425
6 -.498 | 076 |-.437| -.498 | .09 | -. 422 -.519 | .03 [-.4i4}-.519].042 }-.422
7 -.498 | .09] [-.u22}l -.498 | .097 | -.399([ ~.519 | .049 | -.403 || -.519 | .49 |-.4IH
8 -.498 | .097 |-.399( -.498 | .057 | -.363| ~.519 | .032 | -.382[ ~.519 | .09 |-.403
9 -.498 | .057 |-.363|| -.u98 | .025 | -.351|l -.519 | .013 | -.378 | -.519 | .032 |-.382
10 -.u98 | .,025 |-.35]|f -.498 6 |~.3U6f -.518 0 [-.376}-.519|.013 [-.378
1 ~-. 445 0 |-.469f -.Uu5) .051 [-.463) -.498 | .038 | -. U443 | -.498 0 |-.452
i2 -.445 1 ,05) |-.4631l -. 445 . 106 | ~.4u8|l -. 498 ; ,076 | -.437 || -. 498 | .038 |-.uU3
13 - 445 | . 106 |- Y4Bl ~.uu5 | . 129 [ -, u27|f ~.498 | ,091 | -.U22 ) -.498 | .076 |-.437
4 - 445 | . 126 |- 427 -.u45 1 . 133 | -.397 -.498 | ,097 | -.399 | -.U88 | .09 |-.422
i5 -.445 | ,133 | -.397} -.445| .083 | -.340( -.u98 | .057 | -.363 § ~.498 | .097 | ~.399
16 -.445 1 .083 | -.340 -.u45| .036 | ~.325{l -.498 | .025 | -.35! || ~.498 | .057 |-.363
17 -, 445 { .038 | -.325 -.LU5 0 |-.323) -.498 0 |-.346(~-.498 [ .025 [-.351
18 -.1es ¢ |-.471il -.405] .05 [~.467| -. 445 | ,05] | -.U63 | -.4U5 0 |-.u69
9 -.405 | .051 | - M67{f -.405| . 110 | -.u52|| -.445 | . 106 | -.448 | -. 445 | .05 |-.U63
20 ~. 405 | . 110 1 -. 4521 -, 405 | . 136 | -. 429 -, 4U5 | . 129 | -. 427 § -. 445 | . 106 |-.4u8
21l - 405 | ,136 | -.%29( -.405 | . Iu8 | -.399( -.4U5 | . 133 [-.397 § -.uld5 | . 128 |-.427
22 -.405 | . 148 | -.399| -.405] .123 | -.340)| ~. 445 | .083 | -.34C | -.U45 | . 133 |-.397
23 -.405 1 .123 | -.340ff -.405| .095 | -.302} -.445{ .036 | -.325% ~.U445 | .083 |-.340
24 -. 405 | .095 | -.302} ~-.405] .078 | -.289)} -. 445 | .027 | -.325} ~. 445} .036 | -.325
25 -.405.078 | -.289f; -.405| .06 [ ~.281 -.4u5 | .019 [ -.323} -.445 | .027 }-.325
26 -.405 | .061 |-.281| -.405| .027 | ~.279]| -.445 | .008 } ~.323 | ~.44E | .09 | -.323
27 -.405 ] .027 { -.279| -.405 0 | ~.278) ~. 45 0 [-.323§~.445} .008 | ~.323
28 -.368 0 |~-.471) -.366| .053 | -.471{f -.405 | .05 | -.467 ] -.405 0 [-.u7d
29 ~.366 | 053 [-.47Iff ~. 366 114 | ~.U56[ -.405 | .110{-.452} ~.405 | .051 | -.467
30 ~.366 | .114 |-, 456 ~.266| 140 [ ~-.433| -.405| .136 |~.429] ~.4O5 | . 110 [-.H452
31 -.366 | .40 | -.433) -.366| .53 |~ uNUY -, HO5 | . 148 | -.399] ~.4O5 | . 136 [ -.U429
32 -.366 | . 153 | -. 404 -.366 | .134 | -.3u0|f -.405| .iZ3 | -.340 | -.405| . Iu8 [ -.399
33 -.366 | .134 | -.340 -.366] .129 | ~-.287|[ -.405| .095 | -.302| -.405 | . 123 | -.340
34 -.366|.129 | -.287| -.366 ] . 117 | -. 261 -.405 | .078 {-.2891 -.405 | .095 | -.302
35 -.366 | . 117 [-.26}| -.366} .097 | -.245{( -. 405 .061 | -.281} -.405 | .078 | -.289
36 -.366 | 097 | -.245) ~.366| .045 | -, 230 -. 405 | .027 | -.279 | -.405| .061 | -.28]
37 -.366 | .Q45 | ~.230( -.366 0 |-.228( -.405 0 |-.278] -.405( .027 | -.279
38 -.294 0 |- 471}f -.294 | .053 | -. 471y -.3661 .053 | -.U71} -.366 0 |-.471
39 ~.204 | 053 [ - 471 -.294 | 114 | ~.458| -.366| .1I4|~.456§ -.366 | .053 | -.u47]|
10 -.294 1 L 1Y) - 458 -.294 | .40 | ~.U37| -.366 | . 140 | -.433]-.366 | .14 | -.456
4i -.204 | 140 | - 437 -.29%| . 155 | ~.406{| -.366 | .153 | -.40u| ~.366 | . 140 | -.u33
42 -.294 [ . 155 | -.406(f -.294 | . {42 | -.340(f -.366 | .I34 | -.340} -.366| .153 | -. 40y
43 -.29% [ .42 | -,3400 -.294{ ., 136 | -.285|} ~.366 | .129 | -.287 [ -.36% | . 154 | -.3U0
4y -.294 . 136 | ~-.285[ -. 294 | . 133 | -.255f -.366 | . 117 |-.261}~.366] .129 |-.287
45 -.294% ) .133 | -.,255) ~-.294 | . 110 | ~-.230)] -.366 ) .097 [ ~. 245} ~.366 | . 117 | ~.261
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TABULATION OF SURFACE-ELEMENT VERTEX
COORDINATES FCR A UH-1B FUSELAGE (Cont'd)

ELEMENT No.

N Z1m Yim %lm X’Zm Yom Z’Zm Y3m | Y3m T 3m Xidm | Y¢m T ¥m

46 -.204| 110 {-.230f-.294 |.061 {~.219( -.366 | .045| -.230{| -.366 | .097 | ~.2U45
u7 -.294| ,051 | -.219 1} -.294 0 1-.217} ~.366 0 | -.228} -.366 | .045 | -.230
LY -.217 0 [~ 471{{-.217].053 |-.471]| -.294 | .053] -.471]| -.294 0 | ~.47!
U9 -.217{ 063 |- U471 =.217 | 117 |- 461 -.28Y4 | . 1i4]| -.4bB} -.294 | .053 | -. 471
50 =207 17 [ =461 [[-.217 | . 148 | -.440(| -.29% | . 140 | ~ H37{ -.29U | . 114 | -. Y458
51 <2171 . 148 } - 4401 -. 217 | . 159 |-, 408|f -.294 ' .I55| -. 406 -.29% | . 140 | -.Uu37
52 -.217] .19 | -.408 1 -.217 | . 155 | -. 340 -.294 | . I42] -.340(| -.29% | . 155 | ~. U406
53 -.217| . 155} -.340 )} -. 217 | . 150 | -.279(l -.294 [ . 136 | ~.285|f -.294 | . 142 | -.340
54 =217 .150 | -.279| -.217 | . tu4it | -, 2471 -.294 | . 133 -.2585{] ~-.294 | . 136 | -. 285
55 ~ 20171 144 | -, 247 )| -. 217 | . 121 | -.221)1 -.294 | . }10 | -.230)| -.29U4 | . 133 | -.255
56 - 217 120 {~. 221} -.217 | .O55 | -.209(f -.294 | .051 | -.219}[ -.294 | .1!0}| -.230
57 -.217 | .065 | -.209 || ~. 217 0 |~.209 -.294 0 |-.2174 -.294] .051] -.219
58 -.084 0 |-.471]-.084[.053 - 47[|f-.217}.058]-.47I)i -.217 0 |-.471
59 -.084| .063 | ~-.471)(-.084% | .[2} |~ U467 ~.217 | . HI7 |-, U461l -.217 | .053 ] ~. 471
60 -.084] .121 | -.467 [ -.084 | . 159 |-.U52] -.217 | . |48 | ~.4UOf{ -.217 | . 117 | -. U6
61 -.084| .159 ]| ~-.u62l -.084 |,178 |-.H20); -.217 | . 159 | -. 408} -.217 } . IuB} ~.4}O
62 -,084| .178 | -, 420 -.084% | . 178 | -.340|{ -. 217 | . 155 | ~.3U0O|| -.217 ]| . 159 ] -.408
63 -, 084| .178 | -.340|l -.084 | . 170 | -.270| -.217 | . 150 | ~.279({ -, 217 | . 155 | . 340
64 -.08%| .170 | -.270(  -.084 | .i61 |[-.236{l -.217 | . 144 { -.2u7|| -.217 | . 150 | -.279
65 - 084 . 161 |~.236) -.084 1,125 {-.207( -.217 } . 120 ] -.22]|| -.217 | . 144 | -. 247
66 -.0841] .126|~,217{ ~-.084 | ,065 |-.209{| -.217 | .0B5 | -. 209} -.217 ) .121 ] -.22]
67 -.084 .055 | ~-.209| -.084 0 |~-.209( ~.2i7 0 }~.209(f -.217] .055] -.209
68 .066 0 |-.471f .066 |.053 |~-.47!) -.084].063}-.471}) -.084 0 | -.471
69 .066 ) .063 | -.47iff .066 |.iul |-.458) -.084 .12 }~.467) -.084] .053 | -.U47|
70 066 .114 | ~. 458 .066 |.138 |-.439] -.084 | .i59 | ~.U52( ~.084] .12]| ~.U467
71 .066| .138 | -.439(| .066 [ .152 |-.408( ~,084 | .78 | ~.420) -.,084 | .159 | -.452
72 ,066] 152} ~.4081 .086 |.150 |-.34C| -.084 | .178 | ~.340| -.084 | .178] ~. 420
73 .066) .I150] -, 340 .066|.I42|-.283| ~.084 | .170(~.270f} -.084] .178] -.340
74 .066{ .142|-,283|1 .066 |.127 | -.259]| -.084 | . 161 | ~.236) -.084{ .i70] -.270
75 066 .127 | -.259( .066 |.098 | -.242f -.084 | .125 | -.217| ~.084| .161] ~.236
76 066 .098 | -.2u2f .066 | .053 | ~-,232{f -.084 [ .055 | ~.,209} -.084] .1256{ -.217
77 .066{ .053 | -.232| .066 0 |-.230( -.084 0 [|-.209| -.084[ .055] -.209
78 241 O |- 44UJ .241|.038 |~.433|{ .066| .053 | -.47I( .066 0 [ -.471
79 L241) .038 | -.433| .2u41|.057 |-.403( .066] .1!4|-.458{f .066| .053 | ~.u7|
80 241 .057 | -.403(| .241].061 -.384)f .066[.138 |-.u39) .066; .1I4| -.458
8l 2441 .06) | ~. 384 .241|.062|~,368| .066| .152|-.408)| .066| .138| ~.439
82 «241) .062{ -.368)] .24l | .061 |-.340( .066) .150|~.3U0| .066| .ib2| ~.408
83 241 .061 | ~.340| .24 .053|~.317|| .066| .I142|~-.283) .056 .150| -.340
84 2417 .053 | -.317| .2ul | .O49|-.310ff .066] .127 |-.259) .966| .I42{ -.283
85 241 048 | ~-. 310 .24]1 | .0U0 | -,298( .066| .098 |~-.242| .066| .127| -.259
86 241 ) .040 | -.298) .24l ) .021 ] -.291} .066) .053 |~.232) .066| .098| -.242
87 240,021 -.290 ) L 241 0 |-.289| .066 0 |-.230]f .066{ .053| -.232
88 . 269 0 | -.410Y .269|.025[-.,401)| .241|.038 [-~-.433; .2ul 0 | - 44y
89 »269| ,025 | - 401 .269.030|~.368| .241[ .057 {-.403) .241( .038] -.433
90 +269] .030 | -.368} .269|.028 | -.353| .241 | .061 |-.384) .241| .067| -.403
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TABULATION OF SURFACE-ELEMENT VERTEX
COORDINATES FOR A UH-18 FUSELAGE (Cont'd)

9l .269 |.028!| -.353]| .269| .01 -.333 | .241| .061| -.340{ .241} .062| ~.368
92 .269 .019] -.333 [ .269| .001 | -.329(f .241| .o49| ~.310 .24l} ,CE3| -.317
93 .269 {.011| ~.329[f .269| .006| -.327 ) .2u1]| .021| -.2901{f .241} .O040} -.298
9t .269 | .006| -.327) .269 0 | -.327| .24l 0 |-.289 .241} .021}| ~.291
95 . 269 0 | -.327| .269].0i9]|-.333 .269| .025} -.401 |l .269 0| -.410
96 .269 |, 019} -.333| .269] .028| -.368) .269| .030| -.368( .269| .025| ~.U0l
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APPENDIX I
OPERATIONAL INFORMATION FOR THE MAIN PROGRAM
This program is written in FORTRAN IV, with the exception of subroutine
CLEAR, which is written in MAP., This routine is used to initialize storages
to be zero.
INPUTS
CARD 1 NB: Number of blades, Ag

NRW; Number of Revolutions of wake per blade, Ay

NA: Number of azimuth stations, N,

NPNCH: Punch option, If zero, no cards are
punched at the end of a run, If not zero,
all wake point coordinates and core sizes
at the final azimuth position are punched
on cards.

NOPT: If zero, the initial wake configuration is
computed. If not zero, initial wake
configuration is read in,

NTAPE: If not zero, wake point coordinates and
velocities are saved on utility Tape 4,

NPRINT: If NPRINT =1, coordinates and velocities
for each wake point are printed; if
NPRINT = 2, those for every other point
are printed; if 3, every third; etc,

LNCT: Number of lines desired per page of output,

NFPT: Number of fuselage points, A

NXPT: Number of points off the wake for which
velocities are to be calculated.

NPINT: Output is produced at intervals of NPINT
steps; i, e,, if NPINT = 1, the data for L

each azimuth position is printed,
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CARD 2

CARD 3, 4,

PSI0:
REV:

XLAM:
XMU:

ALPHAT:

FACTR:
RB:

GAMB:
Al
A:

Initial pogition of blade 1, ¢, s , degrees.
Number of revolutions of rotor for which
calculations are to be performed, Agy

A

M

ay (degrees)

Factor applied to V3a° » Ke

R/b

Strengths of blade 1; NA of them.
Core sizes at Blade 1; (NA of them).
Initial core sizes; (NRW)(NA)(NB) of them.

Fuselage Data: Four cards for each point; (4)(NFPT) cards in all,
These are punched by the Fuselage Program.

Card 1 XBAR

x

Card 2 XTIl
$r

Card 3 ETA3

N3

Card 4 XLE

>0
-3

YBAR
2]

X112
Sz

ETA4
Ny

XME

ZBAR SIGX SIGZ

7 O 0}
X1I3 XI4 ETAI ETAZ2
3 L2 Ny ne
D1l D2 D3 D4
aé, dz d3 d#
XNE XLZ XMZ XNZ
g Ay My Yr
52
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Coordinates of points off the wake at which velocities ars to be computed

NXPT points in ali (up to three sets cf coordinates per crrd):

<y

T TIDT )
Mid R £

¥ y ¥

ST = AYSY
T AR

[ 2]
poor

Initial Wake Configuration - Read in only if NOPT is not zero,

X: (NRW)(NB)(NA) of them.
Y: (NRW){NB)(NA) of them.
Z: (NRW)(NB){NA) of them.

A listing of the program is given on the pages which follow,
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$IBFTC ZZHWV  LIST,REF

[ CALCULATION OF THE WAKE VORTICITY DISTRIBUTIOM FOR_A HELICOPTER
COMMON X(34004)9Y (340041 ,Z(34044)sU(340,4),V{340:4),W{340,:4),
1 _GAMA(340, 4),SEG(340.4).GAHBI(;OO).AI(IOG 'A{340,4),P1,RAD,
2 VMP o XMCL s XMSL  NByNRMy NA s NWoNOPT yNTAPE NPRINTNDVCH,PSIO,
3 XMU ¢ XLAM9 ALPHAT yPINToPSIFyXNADPSIoNBL,NW1y XNWo XNB, TPNB,
4 CATYCATCLyC29PSIoTPIoXLsTLoT2,XJsNPSeIPS TIPS IPSLyXXXsYYY,
5 Z2L,1ST,IND, IFLG,SIG1,SIG2,SI53,GGG,DEN,XNULyXNU2,XNU3,IR1,
6 XMXoXMY+XMZ . STG4,STG5¢RR,SQ11sSFySQl,5GsBF,LPSySEGLsSECR,
Y S SUM,LNCTLXIPT(400),YIPT(4OO).Z'PT(#OO).VX(#OO),VY(kOOiv
8 VZ(400)4VXF(400),VYF(400),VZF{400),NXPT,NAB,FACTR,RB
o _COMMON_/FUSE/ XBAR(100),YBAR(100),ZBAR{100),SIGX(100),$16Z(100},
1 X11(100),X12({100),X13(100),XI4(100},ETAL{100},ETA2(10C),
2 ETA3(100) ,ETA4(100) , XLE {100}, XME (1001, XKE{100) 4XLZ(100)s __
3 XXZ{100) s XNZ (1001 yHFPTRJ(4),EJ(4) HIl4) 4EMI{4),D1(100,
& 02(100),03(100),D4{1G0) ¢ VXINF,VYINF 4 VZ INF4UFsVF ¢ WF
DIMENSION GAMB(100)
. .. EQUIVALENCE(GAMBL,GAMB)
1 CALL CLEAR(X,NAB)
CALL_CLEAR(XBAR, WF} e
PI = 3.1415926536
_RAD = .0174532925
TPI = 2.0#PI
. READ 10G0sNByNRWyNA,NPNCH,NOPT ¢ NTAPE {NPRINT,LNCT,NFPT ,NXPT,NPINT,_
1 NOVCH
1000 FORMAT(1216)

CALL DVDCHK(NDVCH)
. IE(NTAPE.LT.0) _REWIND 4 .
READ 1001.PSIO,REV:XLAH.XHU,ALPHAT,FACTR RB

READ 1001, (GAMBL(I)s1=1,NA)
_READ 1001, (AL(I),T=1,NA)_

N8Bl = NB
NW = NRW®NA
NWL = NW+l
) NAB = NB#NA
XNA = NA
DPST = 2408 P L XNA e
XNW = NW
XN8 = NB
SAT = SIN{ALPHA[#*RAD)
CAT = COS{ALPHAT#RAD)

Cl = XMU#CAT

C2_= (XMU®SAT+XLAM) . . __. e e e e e e e e e v e
Cl = XMU'SAT+SQRT(XLAM'XNB/2 0)

XHMCL = Cl/XLAM

XMSL = XMU®SAT/XLAM

VXINF = XMCL

VZINF = —-FACTR#{XMSL+SQRT{.5«XNB/XLAM))

_IMP_= RB#DPSI__ L )
TMPL1 = SQRT(THP’(TMP*Z»O))

FRB = (TMP-TMPL1+ALOG(1.0+TMP+TMPL))/0PSI

READ 1001,{{A(I4J)eI=1yNW),J=1,NB1)

IF(NFPT.EQ.0) GU TO 100

READ 1003, (XBAR{I),YBAR(I),ZBAR(I)ySIGX(I)SIGZ(I),BLNK,XILL{I),
_ XE201),XI3010,XE401) ¢ EYAL(L) \ETA2(1),ETA3(1)ETAGLT), _
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DI(L)sD2{1) D3 (1) oD4(1)oXLELL) JXME(T) s XNELT)9XLZUL),

2
3 XX (LD aANZ(ID L I=0NFPT) ... ...

1003 FORMAT(6EL2.5)
100 IF({NXPT.EQ.0) GO TO 103

READ 1001 {XIPT{L) VIPT(I),ZIPT{I)yI=

101 DO G2 i=14NXPT
CALL FUSLGE(XIPT(1),YIPT{I),ZIPT{I),VXF(I),V¥F(I),VZFII))
102 CONTINUE

I'NXPT)

163 PSIF = PSIO+360.0#REV

CALL I0OUT

NCT = 0

TPNB = 2.0#PI/XNB
PSI = PSIO®RAD
PSI0 = PS]

mwmen i v ———

Re X A m mA Ak Remet as ———

e de X W AR n s A g ———

PSIF = PSIF#RAD*0.05
. IF{NOPT.EQ.0) GO TO 3
2 READ 10039((X(10J)1[ IvNHI)'le NB)

. . READ 1003,({Y(I4J),1=1,NW1),J=1,NB)

READ 1003,((Z(1,J),I=15NWL)yJ=14NB)}
GO Y10 7

3 00 6 I=1,N¥Wl

—.. X1 = FLOAT(I-1)+DPSI
Tl = XI=Cl

— J3.= XIeC3

4 D0 5 J=1,NB

Xl FLOAT(J-1)*TPNB

i

X{I,J) COS{PSIO+XJ~-XT)+T1
Yi{IsJ) SIN(PSIO#XJ-X1)

(1,44) -T3
5 CONTINUE ——

6 CONTINUE
7 NPS = AMOR(PSI0,2.0#PI)/DPSI+l.5

IF (NPS.GT.NA} NPS =1
__ DO .9 .J=14NB . _

JP5S = MOD(NPS+(NA#(J=1))/NB+NAB,NA}
IF_(JPS.EQ.0) JPS = NA

IPS1 = JPS
DO 8 [x=]cN¥W

IPS = IPSi
IPS1 = IPS-1 . .o -

IF{IPS1.EQ.0) IPS1 = NA

"..GAMA(I,J) = (GAMB(IPS)+GAMB{IPS1)}/2.0

"8 CONTINUE
9 _CONTINUE

10 D0 12 J=1,NB1
DO 11 _1=1,NW

- —— e s 2 e B R,

SEG(IsJ) = SQRT((X(I,J)=X(I+1,d)) #e2+(Y{I,J)=Y(I41yJ))ue2¢(Z(i,d)-

U S
11 CONTINUE

Alltled) )eel)
12 CONTINUE

13 DO 29 1=1,NW

DO 28 J=13NB1

- ———  —b—

XXX = X(I»d)
YYY = Y{lsJ} e e -
112 = 1(14J)

_U(lsd} = 0.0

h
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Vil,J) = 0.0

. H(I)J) = 0.0

14 DO 25 L=1,NBl1
IST = 1
IND = NW
IFLG = 1
IF (L.NE.J) GO TO 16
. WAMD = 1-20

IFLG = 2

IF (IND.GT.0) GO TO 16&
15 IST = {+1
IND = Nw
IFLG = 1
. _IF UIST.GT.NW) GO TO 18 S
16 SIG2 = SURTUIXXX=X{ISToL))#a2+(YYY~V(IST,L))wu24(Z2Z-Z(IST,L))#s2)
DG 17 IR=IST,IND

SIGY = SIG2
SIG2 = SQRT{IXXX-X(IR+L,L )} )#u2+(YYY=-Y(IR+1,L))ua2+(2Z272~2(IR+1,L))
1 sa2) .

SEGSQ = SEG({IR,L)#x2

HM1 = SIGla#2+S[G2#w2

IF{HM1.GT.SEGSQIGG TO 169 .

HM2 = .25« {(SICL1+SIG2)»#2-SEGSQI+#{SEGSQ-(SIGL-SIG2)==2)/SEGSQ
IF(HM2.GTLAl{IR,L)»#2)G0O TO 160

GGG = GAMA(IR,L)}/SEG(IR,L)

GO _TO 161

" 160 GGG = GAMA{IR,L)*#(SIG1+SIG2)/(SIGL*SIG2%((SIGL+SIG2) ##2-SEGSQ))

C161 XNUL = (YYY=Y(IR+1,L))8{Z(IRyL)-Z({IR41,L))-(ZZZ~2{1R+1,L))®
1 {Y({IR L)-Y(IR+1,L))
XNU2 = (ZZZ2-Z(IR+1,0))#(X(IR,L)I-X{IR+1,L))={XXX=-X{IR+1,L))®
1 (ZUIR,LY=Z(IR+1,L})
o XNU3 = (XXX=-X(IR+1,L))#(Y{IR,L)=Y{IR+1,L))~(YYY=Y{IR+1,L))s
1 (X{IR, L)~=X(IR+15L))
UlI,d) = U(I,J)+XNUL#GGG
VII,d) = V(I,J)+XNU2#GGG
WiIsd) = Wil,J)+XNU3%GGG

17 CONTINUE
. .00 TU L18413),IFLG
18 IF (L.NE.J) GO 10 25
IRl = [-1
IF (1.EQ.1) IRL =1

XMX = (YUIRL LI=YUIRL41,L) )4 ZCIRL+1,L)=Z(IRL+2,L)3=(Y{IRL+1,L)~
1 YUIRL42,L 1) #{ZUIRL,LI=ZIIRL+1,L))
o e KMY = AZUIRL, L) =ZUIRI4 L, L))« (X CIRE4 L, L) =X LIRL42,L) )= (ZOIR1*L L)~
1 ZUIRLI42,L1 ) #(XCIRLyL)=X(IRL+1,L))
XMZ = (X({IRLyL)=X(IR1+1,L))#(Y{IRLI+1,L)-Y(IR1+2,L))-(X(IR1+1,L)-
1 XCIRL142,L) ) # (YUIRL,L)=Y(IRL+1,L))
.S1G4 = SEG(IRL+1,L)
SIG3 = SEG(IRL,L)
e 5165 = SQRILUXCIRLEZ,L)=XUIRL, L)) e+ (Y(IR142,L)-Y(IR1,L))"02¢
1 (Z(IR142,L)-Z(1R14L))we2)
DEN = (SIG3+S16G4-SIG5)#(SIG3+SIG4+SIG5)#(SIG4+SIG5-SIG3)#(SIG3+
1 S1G5-51G4)

IF (DEN.EQ.0.0) GO TG 25
IF(DEN.LT.0.0IWRITE(6,1002) [4JsSI63,S1G4SIG5
1002 FORMAT(2X43HDENUMINATOR NEGATIVE FOR R _COMPUTATION I =13,3X3HJ =
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1343X6HSIG3 =E16.843X6HSIG4 =E16.8,3X6HSIGS =E16.8 ) 7
RR_= SIG3¢SIG4#SIGS/SQRT(ABSIDEN)) . _
SQI1 = SQRT((Z.3#RR-S1G3)#(2.0¢RR+51G3)}

IF (SIG3##2,LE.SIG4e#2+SIG5##2) GO TO 19

SF = (2.0#RR+SQI1)/SIG3
GO 10 20

19 SF = (2.0#RR~SQI1)/SIG3

21

22

1

IF(SF.EQ.0.0) SF = 1.0E-20

207SQT = SQRT((2.0%RR=S1G4)*{2.0%RR+SIG4) )

IF (SIG4##2.LE.SIG3##2+45[G5#+2) GO 1O 21
$G = (2.0#RR+SQI)/SIG4

GO TO 22

SG6 = (2.0#RR~SQI)/SIG4

. 4F(5G.EQ.0.0) SG = 1.0€-20

IF ([.EQ.1) GO TO 23 )

BF = (GAMA(IRL,JI#{ALGG(B.0%SF/A(IRLsJ))+.25)+GAMA(] J)*{ALOG(8.0»
SG/A(19J))+425))/(4.0#RReSQRT(XMX# a2+ XMYRE2+XMZ#02))

GO TO 24

23 BF = (GAMA(1,J)%(ALCG(B.O#SF/A(1+J))1+25))/(4.0%RReSQRT (XMXe#2+

R

XMY#224XMZ#22))

24 UllaJd) = UlI,J)+XMX#BF

25

. 26.

1
1

VII,d) = VI, J)+XMY#BF

W(IyJd) = W(IoJ)4XMZ#BF

CONTINUE

SIGL = SQRTUXXX%#2+YYY22+272%82)

DO 27. L=1,NB

LPS = MOD(NPS+({NA=(L-~ 1))/NB+NAB,NA)

IF(LPSJEQ.0) LPS = NA

IF{I.EQ.1.AND.L.EQ.JIGO TO 260

PSIBK = FLCAT(LPS~1)=DPSI

SINPSI SINIPSIBK)

COSPS] COS(PSIBK)

RMHZ = {XXX-COSPSI)#u24+{YYY=SINPSI)nu2+2774%2

IF {RMH2+SIGl»»2,GT.1.0) GO TO 258

RMH = SQRT(RMH2)

H2 = 25#{(SIG1l+RMH)»%2-1,0)#(1.0~(SIG1- RMH)*!Z)

IF {H2#RB#+2,GT.1.0) GO TO 258

HH = SQRT{HZ2)

XHT = XXX#{COSPSI##2+SINPS[##2/{HH#RB) }-YYY*SINPSI#COSPSI®#({1.0/
{HH#RB)~-1.0)

YHT = YYY#(SINPSI##24COSPSI®##2/(HH#RB) )-XXX#SINPSI«COSPSI*(1.0/
{HH#RB)~1.0)

LIHT = ZZ1/{(HH=RB)

non

XNUL = ~YHT#Z(1,L}+ZHT#Y(1,L)
XNU2Z = —=ZHT#X{1,L)+XHT#Z(1,L)
XNU3 =—XHT#Y(1,L)+YHT#X(1,L)
SIG2 = SQRT((XHT=X(LyL)) a2+ (YHT~Y(L,L))##24(ZHT~Z(1,L))wu2)
GO 1O 259
258 XNUl = =YYY®Z(1,L)+22Z%Y(1,L) *
XNU2 = ~ZZZ#X{1,L)+XXX#Z(1,L)
XNU3 = =XXX#Y{1,L)+YYY®X(1,L) .»
SI62 = SQRTUIXXX=X(L,L))##24(YYY=Y(1,L))#u24{222~Z{1sL))un2) 1

259 GGG = GAMB(LPS)«(SIGL+SIG2)/(SIGL#SIG2#((SIGL+SIG2)#%2-1.1))

UllyJ) = U(l,J)+XNUL1=GGG
VIIyJ) = vil,J)+XNU2#GGG -
WIod) = W(I,J)+XNU3SGGG | \
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GO TG 27
J.260 H{lsJ) = W(I,J)-GAMB(LPS)=*FRB
27 CONTINUE

H

Mo -

UlIsd) = U(1,J)+XMCL+UF
Viled) = V(I,J)HVF
W{lsd) = W(IyJ)-XMSLe¢WF

- -.28 _CONTINUE
29 CONTINUE
IF(NTAPE.EQ.Q) GU TO 30

CALL FUSLGE(X(I9d3)sY(I4Jd)y2{1,J)sUF,VF,yWF)

WRITE(4)PSI»XMU) XLAMyALPHATNBsNRWyNA;NW

WRITE(4)
1 A(IyJ)'l=lyNwl)pJ=loNBI)
.30 IF(NCT.NE.O}GO TJO 31
IF(NXPT.NE.O)CALL VLCTY
- CALL QuTtPUT

31 NCT = NCT+#1
IF(NCT.GE.NPINTINCT = 0O
- PSI = PSI+DPSI
NPS_= NPS#*+1

IF (NPS.GT.NA) NPS =1
IF(PSI.LE-PSIF} GO TO 32
IF(NTAPE.NE.O) END FILE 4
IF{NPNCH.EQ.0) GO TO 1

PUNCH 1004
10C4 FORMAY(74HZZ
1SELIB 2
CPUNCH 1001, ((A{I,J),I=1,NW},J=1,NB)

PUNCH
 PUNCH

1003.((X(I,J),I=1.NH1).J=1'NB)
1003, ((Y([4J)4I=1,MWL),4=1,NB)
‘1003, ({Z(14J)y1=14NWL1]},J=1,NB)
60701
J=1,NB1
X{1,J)
Y(1lyJ)
(144}
I=24NW1
TR,

HELICOPTER WAKE VORTICITY CALCULATIONS -

(OXCTad) o Y(I9d) 9 ZUIad)sULLpJ} o VITsd) o WLEsJ)GAMALL,J),

HARVEY _

o
>
—

{12 { T (T 1 B 1}

TZ1
e XL J)

Y(I,J)

L4 d)

Tv}
TZ1

- X{1sd)

Y(I,J)
1(1,J)
TX2+XLAM#U([-1,J)DPS]
TY2+ XL AM2V{I~-1,J)#DPS|
TZ2+XLAMeW([~1,J)2DPSI

33 CONTINUE

XJ = FLOAT(J-1)»TPNB
X{1yJ) = COS(PSI+XJ)
YAl ed) = SIN(PSI#X4)

Z(1,J7 = 0.0

(35 CONTINUE  _
DO 38 J=1,NBl

_ . JPS = MOD{NPS+(NA®(J=1))/NB+NAB,NA)
IF(JPS.EQ.0) JPS = NA
JPS1 = JPS-1

- dm - meat @ ww y Ao
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IF{JPS1.EQ.0)JPSL = NA
SEGL = SEG(lsJ)
GAM] = GAMA(1,J)

re— et w we——————— v T = & - - - e -

. TAL = A(1,J)
36 DO 37 1i=24NW
’ GAMZ = GAM] .
GAM1 = GAMA(Il,J)
— GAMA(],J) = GAM2
SEG2 = SEG1

SEGl = SEG(I4J)
SEG(IsJ) = SQRTIUX(L4I)=X{I+1,J))%a24(Y([oJ)=-Y{i+1,J))une2+(Z(1yJ)~
1 Z(I+1lyJ))na2)
TA2 = TAl
e JAL = ALY
AllsJ) = TA2#SQRT(SEG2/SEG(I,4))
37 CONTINUE
SEG(L1yd) = SQRT{(X(1yI)=XL29J) ) #224(Y(1,J)-Y{2,d))e024({2(1,J)-
1 L(244))#%2)
Atl,J) = AL(JPS)
e DAMALLLJ) = (GAMB{JPSI+GAMR{JPS1))/2.0
38 CONTINUE
GC TO 13
END

——

59




. SIBMAP ZICLR

*

*
*
o

_CLEAR

ORDR

" ZERO

ENTRY
BCI
TRA
SKA
SXA
LAC
CLA
sus

TMI
CLA
STA
TRA
CLA
STA

5712
TIX
STZ+
STl
LXA
LXA

CPAX .

TRA»
B8SS
END

REF

SUBROUTINE _CLEAR

"SUBROUTINE TO SET FORTRAN LOGATIONS TU ZERO
CALLING SEQUENCE ~ CALL CLEAR{X,Y)

CLEAR
1,CLEAR
*e )
SVE 1
SVE+l,%
CLEAR, 4
3,4

214

21 .
ORDR

3,4 ¢

ZERQ
ZERO
214
LZERQ
*a,l
ZEROy 1,1
2+4

3‘1 4
SVE, 1
_SVE+1,4
CLEAR

2

"IN CASE LOC{Y) LESS THAN LOC(X}
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$IBFTC 24101 LIST.REF

C WAKE VORTICITY CALCULLATICN PRCGRAM - SULBROUTINE 1DGUT

SUBRUUTINE !DCUT

COMMON X(3444),Y(34C,4),2(34054),U034C,4),V(34C44),W(342,4),

T OGAMA(342,4),SEG(342,4),GANBLILCC) $ALILDC) 4 A(340,4)¢PI,RAD,
VMP, XMCL s XMSL yNByNRw yNA, Ny NOPT,NTAPE,NPRINT,NDVCH,PSIO,
XMU,XLAM,ALPHAT,P[NT,PSIF,XNA,DPSI,NBl,Nhl,XNw,XNB,TPNB,
SAT yCATsCLyC22PSI TP I oXIgTLyT24XJyNPSyJPS,IPSyIPSL XXXy YYY,

122,1STsINC, TFLGSST161,5i6G2,S1G376G6,0ENTXNUTTXNU2, XNU3S IR,
XMX g XMY g XMZ s SI1G4,SIGCHyRR$SGIL,SFySQI,SGyBFsLPS,SEGL,SEGZ,
SUM,LNCT o XIPT(4C:) o YIPTL40D ), 2IPTL4G0) 4 VX(407),VY{4D ),
VZ{45) )y VXF{4JIT) 3 VYF(4CC) 4 VZIF{4GD3) 4NXPT,NAB,FACTR,KE
COMMUN /FUSE/ XBAR(1OC ), YRAR(LGG) yZBAR{LZI)ZSIGX{1031,SIGCZL1C0),
XIL(131) 9 XI2(1CO),XI301uC) 9 XI4(192)ETAL(10G) 2 ETAZ(10),
EIA’(IJD),cTA4(1G‘),XLE(lO‘),XMt(10C),Xht(IOu),XLl(lx-) ’
XXZULD2) o XNZALSC) oNFPTRI(4A) yEJ(4) yHI(4) yEMILG) 40L0000),
D2(152),03(1G0)0441C3) yVXINF,VYINF,VZINF,;UF,VF,WF
1 WRITE(6,10CSINByNRWyNANFPTPSIC,PSIF,XLAM,XMU,ALPHAT,RB,FACTR
TIJ00 ECKMATI1RI 49X33HHELICOPTER WAKE VORTICITY PROGRAM //45X31HNUMBER

a-o~u.>u;m.J

Fo VO S

10F BLADES =111 /45%X31HNUMBER UF REVOLUTIONS OF WAKE =
2 111 745X31HNGMBER CF AZINLTh STATIONS =T11/45X31HNUMBER GOF FGS
XELAGE PCINTS =111/45%X23+PS1 (INITIAL) =
3 TTF11.3,8H CEGREES /45XZ23HPSI (FINAL) =F11.3,
4 8H DEGREES /45X23HLAMBDA - =E12.H /45X23HMU
5 TTZEL2.5 74S5X23HALPRAT ‘ =F11.3,8H DEGREES /
6 45%23FR/B =F11.3/45X23HVZ INFINITY FACTC
7R =F11.3)

2 DPS = 369.C/FLOAT(NA)

PSS = 6.7

_WRITE(6,10C1) ‘ )
T1UG1 FORMATI(//3CX3HPST,15X22H STRENGTH OF BLADE 1 ,14X20HCURE SIZE AT
IBLADE 1 )
3 DG 4 [=1,NA
WRITE(6,10C2)P5,GAMBLIT) AL(])
1002 FORMAT(F35.3,E32.5,E35.5)
PS = PS+DPS
4 CUNTINUE
RETURN
ENC

R e e e . e - v — w ome m -
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$IBFTC ZZOUTP LIST,REF
C_ WAKE VORTICITY CALCULATICN PROGRAM - SUBRUUTINE QUTPUT
SUBROGUTINE GUTPUT
COMMUN X{34044),Y1340,4),2{340,4),U(340,4),V(340,4),W(340,4),
GAMA(34C ,4),SEG(345 .4),GA~B?(1u0).A1(1n0) A{340,4),P1,RAD,
VMP , XMCL ¢ XMSL 4 NB yNRn s NA, AW, NOPT,NTAPE,NPRINTyNDVCH,PSI0,
XMU, XLUAM,ALPRAT, P[nf“ﬁSlF XNA,DPSTINBL Nwl, XNW, XNBs TPNB,
SAT,CATC14C24PSToTPI X1 sTLyT2sXJsNPSyJPScIPS,IPSL, XXXy YYY,
ZZZ,I§T,IND,lFLGySIGlySlGZ.SIG3:GGG»DEN,XNUl,XNUZ,XNU3,IRl,
XMX 4y XMY,XMZ,S1G4+SIG5,RRySQI1,SF+SQL4SGBF,LPS,SEGL,SEG2,
"SUMSLNCT 4 XIPT(4CO),YIPT{400),ZIPT(40GC),¥X{400),VY(400),
- VZ(400)VXF{40C),VYF{4Q0),VZF (403} yNXPTyNAB,FACTR,RB
1 TUINE = © i
PSID = PSI/RAC
DPSIL = DPSI/RAD
2 DG S5 J=1,NB1 o o
IF(TLTNELEQ.D) WRITE{E,105CINEyNANRWy XLAM, XMU, ALPHAT,DPSID,BSID
_1CGC0 FORMAT{1H1,.46X38HHELICOPTER WAKE VGRTICITY DISTRIBUTION //13X
15HNG. OF BLACES = 12,22%X25HNO. GF AZIMUTH STATIONS = i3,
21X21HNO. OF REV. OF WAKE = 12 /9XBHLAMBCA =E12.5,19X4HMU =
E12.5y12X9HALPHA T = Fl.3,5H DEG. LIXLIHDELTA PSI = F7.3,
5H DEG. //55X5HPSI = F8.3,8H DEGREES ) _
3 WRITE(6,1062)J
1002 FORMAT( /S5SXL2HBLADE NUMBER [2 / ) _ _
4 WRITE(6, 1083 (T X (T, d) 3 Y T 9 d) 0 Z (1,0 UlTd) V(T dY  Wl1,J0),

md'ombwt\)‘w

DWW -

- - C o e o e a e e —_— -

1 ) GAMA(T,J)»A{14J)sI=19yNWL4NPRINT)
1003 FGRMAT( 4XJHSTAT.,ICX1HX L4X1RY, 14X1HZ 4 14X2HVX, L3X2HVY,, 13X2HVZ,
1 LOX8HSTRENGTFE, 6X9HCCRE SIZE /(18,E18.5,7E15.5) )

ILINE = TLINE + NWI/MAXO(NPRINT,1)+3
IF (ILINE.GELLNCT) ILINE = ¢ o o
5 CONTINUE T T T eI s e ST T
IF(NXPT.ES.D) GU TO 6
IF(ILINECECOIWRITE(69100C)NB NAyNRW,XLAF s XMUy ALPHATOPSIDPSID
WRITE(6,1004) (XIPT(I),YIPT(I),ZIPTLI),VX(I)oVYLI),VZ(I)4I=1yNXPT)
1004 FORMAT( /53X26HVELOCITIES AT OTFER POINTS //19XIAX,TaxIRY,14X1HZ,
1 14X2HV Xy 13X2HVY, 13X2HVZ /(E26.545E15.5 ) )
6 RETURN
END
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SIBFTC ZZFSLG LIST,REF )

C WAKE VORTICITY CALCULATION PROGRAM - SUBROUTINE FUSLGE
SUBROUTINE FUSLGE(XC,YC,ZD,UFD,VFDyWFD)

COMMUON /FUSE/ XBAR(100),YBAR(10C),ZBAR(100),SIGX(100),SIGZ(100),
1 XI1(100)+XI12(1003X13(10C),X14(100),ETAL{100),ETA2(100}),
2 ETA3{1G0},ETA4(100),XLE(100),XME(100),XNE(100),XLZ(100),
3 XMZ{100) yXNZU1GO) yNFPTsRI(G)4EJ(4) 4HI(4),EMI(4),0L(10GQ),
4 D2{100),03{100),04(10C) ,VXINF,VYINF,VZINF,UF,VF,WF
DIMENSICN XIK(100+4),ETAK(1CC,4),00J(100,4) T T
EQUIVALENCE (XIKyXILl)y(ETAK,ETAL),{CDJ,D1)
1 SUMU = C.0
SUMV = 0.0 _
SUMW = G.C
IFINFPT.EG.3) GO TC 13
2 D0 12 J=1.NFPT
NFLG =1 , .
XLX = XME(JIY#XNZ(J)I=-XMZ{JYuXNE(J) ’ M
XMX = XNE(J)#XLZ(J)-XNZ{J}#XLE(J) .
XNX = XLE(JY®XMZ{J)-XLZ{JV*¥XNE(J)
XB = XO-XBAR(J)
YB = YD-YBAR(J)
18 = 2D-1BAR(J) L
D5 = (XI3(JI-XTIL{J))#a2+{ETA3(JI-ETAL{J))2a2
D6 = (XI41J)-XI2(J))#22+(ETA4(J)-ETAZ(J)}we2
D7 = AMAX1(D5,061 ) T o
3 XI = XLXeXB+XMX2YB+XNX#ZB
ETA = XLE(J)#XB+XME(J)#YB+XNE(J)*#ZD
ZETA = XLZ(J)#XB+XMZ(J)#YB+XNZ(J)=ZB S .
RC = KI#w2+CTA®x2+7ETAR®2 ) i
TJ = RO/DT
IF(TJ.LT.6.6) GO TC 5
4 SJ = 5 (XI3{J)=-XT1{J))=(ETA2(J}-ETA4(J))/(RO*SCRT{RO))
VXI = SJ«XI
VETA = SJ#ETA L S
VIETA = SJ®ZETA
GO TUu 90 o L L L
5 D0 6 I=1,4
RI(I) = SQRT((XI-XIK(Jy1))#e2+(ETA=ETAK(Jy[})%a2+2ETARE2)
EJ(I) = ZETAw#2+(XI[-XIK(Js[))#ng
HI(I1) = (ETA-ETAK{J, 1)) (XI-XIK(J D¥) .
IT = 1+1
IF(I.EQe4) I =1 i
TRMLI = XIK{J,I1)=XIK(J,TI)
iF(TRMloEQoC.C) TRNI = 100&"6
EMJTI) = (ETAK{J,I1)-ETAK(J,1))/TRM]

6 CGNTINUE e
VXI = 0.0
VETA = 0.6 o ) .

VIETA = 0.C

T 009 1I=1,44
Il = [+1 _
IF(1.EQ.4) IL =1 '
TRML = (RITIV4RITILI-COI(I ) IZ(RICII+RICILI4DDI(ILI )

o _TRMI = ALGG(TRML) !
TRMZ = (ETAK(J,11)=-ETAK(J,1))/CCI(J, 1) e
TRM3 = (XIK(JypI)=XIK(JsI1))/C0J(J,1) !
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VX[ = VXI+TRM2*TRM1
VETA = VETA+TRM3=TRNVL

8 IF(ZETA.EQ.0.C) GO 10 9
TRM4 = ATAN((EMJ(I)aEJULI-HJ(T))/(ZETASRILI)))
TRMS = ATANT(EMI{IV#EJ(ILI-HJTIL))I/(ZETA®RI(IL)))
VZETA = VIETA+TRM4-TRMS

9 CCNTINUE T

90 VVX = XLXaVXI+XLE(J)#VETA+XLZ({J)#VZETA
VVY = XMXaVXI+XME{J)*VETA+ANZ(J)#VZETA

L VVZ = XNX#VXI+XNE(J)#VETA+XNZ(J)#VZETA

GO TG (1¢,11),NFLG

10 YVVX = VVX
VVVY = VVY
VVVZ = vvyZ
YB = -YD-YBAR(J)
NELG =2 . _
GO TG 3

11 TRM = SIGX(J)=VXINF+SIGZ(J)*VZINF _
SUMU = SUMU+TRM* (VVVX+VVX)
SUMV = SUNMV4TRM®(VVVY-VVY)
SGMW = SUMW+TRM® (VVVZ+VVZ)

12 CONTINUE o o

13 UF0 = SUMU
VFD = SuMv ) L L
WFO = SUMh
RETURN
END
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$IBFTC ZZVLCY LIST,REF
C WAKE VORTICITY CALCULATICN PROGRAM - SUBROUTINE VLCTY
SUBROUTINE VLCTY
COMMUN X(345,4)9Y(34C4)9203240,4)+U(340,4),V(34C,4),W{340,4),

1 GAMA(34C14)SEG(345,4),GAFBL(160),A1(10C),A{34C,4),P1,RAD,
2 VMP o XMCL y XMSL yNByNRWyNA s Atv y NCPT,NTAPE;NPRINT,NDVCH,PSIC,
T T T T U XMUGXLAM,ALPHAT (PINT yPSIF XNA,OPSI 4NBLyNhly XNWyXNB, TPNB,
4 SATgCATCLaC24PSTeTPI o X1 sTLgT24XJaNPS,JPS,IPSyIPSLyXXXsYYY,
5 ZZZ,1ST+ING, [FLG,SIG1,51G2,51G3,666G,DEN; XNUL s XNUZ, XNU3,IR1,
6 XMX g XMY 4 XMZySIG4sSIG54RRySGIL,SF,SQI+SGyBF,LPS,SEGL1,SEGZ,
T ) SUM,LNCT,XIPT(400),YlPT(403),ZiPT(4OO)9VX(400):VY(40?)'
_______ 8  VZL4GI),VXF(4CC)4VYF(40GC),VZF(4CL)1NXPT,NAB,FACTR,RB
1 DC 7 " 1=1,NXP1
Yx{I}) = 0.C
VY(I) = C.C
VZi{I) = C.C
2 DG 5 J=1,AB1
SIG2 = SCRT((XIPTII1)-X(lyJd))esz¢(YIPT(I)-Y(1, J))e2+(ZIPT(I)-
1 21,00 ) %%2)
3 06 4 K=1yNW
SIGI = SiGe
SIG2 = SQRY((XIPT(I)- X(K+1.J))- #2+(YIPT(I)-Y(K+1,J))#224{2ZIPT(I)~_
1 Z(K+1l,J))»%2)

SEGSQ = SEG(K,J)##2

HML = SIGLx®2+51C2=#»2 =777 Tt T T
IF(HM1.GT.SEGSQ)IGO TC 33

THMZ = J25%((SIGI+SIG2) ##2-5SEGSL)*(SEGSC—(SIGL-SIG2)*##2)/SEGSG
IF{HM2.GT.A(K,J)##2)GC IC 3C _ L
GGG = GAMA(K,JV1/SEGIK,J) )
GO TU 31

30 GGG = GAMA(K; JI%(SIGL+SIG2)17(5S16T#SiG2#({S1G1+S1G2)»#2-SEGSQ)Y)
31 XNUL = (YIPT(I)=Y(KyJ))#(Z(KsJ)=2Z(K+LyJ))=(ZIPT(I)=Z{(KyJ))e®

1 (Y(Ke JI-V(K+1,J7)

XNU2 = (ZIPT(I)=Z(KyJd))®(X(KyJd)=X(K+1yJ))=(XIPTLI)-X(KyJ))®

1 (Z(RsJ1=2{K+1, 417

XNU3 = (XIPT(I)=X{KyJ))#(Y(KyJ)=Y(K+1sJ)\={YIPT(I)-Y(KsJI)®
1 (XTK JT-X (K1, 477

VX(I) = VX{I1)+XNU1*GGG

vY (I} VY(T)+XNU2=GGG
vZil) VZ{I)+XNU3»GGG

n oapH

%4 CONTINUE T
S CONTINUE o

SIGL = SGRT(XIPT(I)I##2+YIPT([)#w2¢ZIPT/TIw#2] - -
DO 6 L=1,NR

LPS = MCODINPS+({NA#(L-1))/NB+NAE,NA)
[F{LPS.EC.C) LPS = NA

XNULT = =YIPT (I *#Z (1, L)+ ZIPT(TT1aY({1,[) Torrm s o

XNU2 = =ZIPT(I)#X {1, L)+XIPT(I)#2(1,L) L N _ L
XNU3 = =XIPT(I)eY (L, LI+YIPT(IVeX(1I,L)

SIG2 = SQRTUIXIPT(I)=X{l,L)) w2+ {YIPY(I)=Y{l,L))we2+(Z[PT(])-

1 L(14L))#e2)
DEN = SIGl#SIG2#((SIG1l+S1G2)#+2~-1.0)

GGG = GAMBL(LPS)«{SIGL1+SIG2)/DEN

vx(I) VX{T)+XNU1#GGG
VY (1) VY (1)+XNU2#GGG
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vZ(l) =
6 CCONTINUE

VZ{1)+XNU3*GGG

VX(i)

vY(l) VY(I)+VYF{I)

VX{TI)+XMCL+VXF(])

VZ(I) VZ(Ii-XMSL+VIF(I)

7 CONTINUE - L i
RETURN
END
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APPENDIX 1II

OPERATICNAL INFORMATION FOR THE SUPPLEMENTAL

FUSELAGE PROGRAM

This program is written completely in FORTRAN IV,

CARD 1 NPTS:
NPRNT:

EPS;

NIT:

NDUCH:

CARD 2, 3, ..., (2)(NPTS) + 1

INPUTS

Number of fuselage elements Mg
Number of 8;; coefficients to be printed;
i,e,, NPRNT = (NPTS)(NPTS).

Desired accuracy in iterative soluticn
of equations; i, e.,, if EPS =,001, the
solution will be obtained to within + 0.1%
of the exact result.

Maximum number of iterations to be
allowed in solving the equations (in case
of divergence of the iterations).

Not used.

Y9105 Yeg0 F11 5 %21 Y215 F21-
X3g, 9315 331 5 Xy e Yug. Fa1+
ZypgeS122 312 3 ¥22.Y9225%22-

etc,

A listing of the program is given on the pages which follow.
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SIBFYC ZZHFPF LIST,REF

c CALCULATICA CF PCTENTIAL FLCw ABCLY A FELICGPTER FUSELAGE

CCPMON XL{10" 1o X2(1C0) X3 (1CC) X4 (1cCT Y1 (263D Y20100),¥Y3(120 )y
Y4(1CC)ALULCS)sZ201C2) 231105424 (1CC) ,XBAR(1CC), YBAR(LCC)
TEAR LI ) S AN X (3940 XPT14) 2 YPT(4),2PT (41, X11010"),XIZ(1€E)
(XI2L1EC) o XT411C3),ET1AL(1CE) JETAZILCC),ETAZ(L0G) ,£TA4(10N),
ZETA1E102),2ETAZLCC),ZETAZLIC0), ZETAGLLCL )} XLX (13D,
XMX(1CC) s XAXALCC) , XLE(LSC) (XNELLSCY JXNELLIGG),XLZEIC0Y,
XNZU1oC) s XNZUICT) sRIJI4) JEIJL4) ¢HIJ(4),C001C3),02(109), .
£3016505C4(1CC)Bl10C,1CZ),SIGX(LCC)SIGZ(103),NPTS,NCVCH,
EPS AN BNy GN g AX ,BXyCXyAE 4BE,GE4CXyCESCZ4L59065072539NFLG,

ENLLENZEM3 1 ENG o XPEYFP2PPyYRPE X 11J,ETALJ,ZETALSoRT 4R
CCMMUN XIRIJSETARIJ,ZETRIJ,T1dy TRIJ,VXIJVETA,VIETA,THPL,THP2,TKP2,
1 TNP4, TNP VX VY V2 AT ARTI N1, N2 NPRIT , ¥PRANT NIT
DIFENSICN X(L1C34)sY(1CU,4)240CC 41 XIK(1GC,4) s ETAK{1CS 441}

oo _1ETAK(10C44)
EGUIVALENCE (X¢XL1)a (Y Y1)y (ZyZ1) s {XIK,XI1}, (ETAK,ETALY, (ZETAK,
1 IETAl)

T READ L1GCCoNPTSNPRNT,EPS,NIT ACVCE
1600 FCRMAT(ZI€&,F€.7,21¢)
READ TOCTs ((X(1+d) s Y(TsdV 211 30,051,415 (=1, NP TS)
1061 FCRMAT(EF1Z.5)
2 DC 18 I=14NPTS

D OC [~ LB 00 DO

AN = AYALI)-YZ(D) ) (2201210 )= (24012201 (Y3 (1)Ll ) )
BN = (Z4(I)=2Z2(1))s(X3(D)-x1(1))=(Xa () =X2(1))#{Z3(1)-21(1))
GN = (X4(I)=-XZ(I))a(Y20E)=-YI (D)= (YalI)=y2( L)1) #(X3(1)=X1{1)}

XEARCEY = (XL(I)exZ(I)+4X3(1)+X4(f))/4.C
CYBARKIL) = (YL(IV+YZUI)4Y3(1)4Y4(l)) /4.0
ZBAR(I) = (Z101)+22(1)+23(1)+24(1))/4..
_3 IF(ANNELC.Z) GC TC 8
IF(BNJNELC.o) GC TC 8
IF(GhNAE.C.T) GC TC 6 _ . .
4 WRITEL6,1CC2 T (X (T30 9 Y(13d)42(1sd)sd=1y4)
1uG2 FCRMATI(4CH BAL SET CF PCINTS FLR CUACRILATERAL NCo [5/4(3F9.4,5X))

6C 1C 1
6 0C 7 _J=1,4
XPT(JY = X{l,J)=XBAR(I)
YPT(J) = Y(I,J)=-YRAK(I) .
LPT(J) = C.C
7_CCATINUE
GC 1L 14
8 AMTX(1,1) = AN
AMTX(1,2) = BA
AMTX{1,2) = & .
ANTX(251) = BN
ANTX§2,2) = -8

~ o~
- &

AFMTX(2,2)
_LF(ANJNELCL D) CC TC 11
G ANTX{3,1) >

»
- 0

AVIX(3,2) = GA e e e e e e
AMTIX(3,2) = -EN
_DBC 1. _J=1,4
AP’IX(11‘1) = BNeYBAR(L)+CN®ZEAR(T)
__AMIX(2,4) = ENeX(1,J)

AMTX(1344) = GheY(I,Jd)-BNxZ(1,J)

CALL _SIMSCL (AMIX,2,3) -
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XPT€J) = ANIX(1,4)-XEAR(])
YPT(J) = AMIX{2,4)-YEAR{]) e e e e — e e e e -
IPI{J) = AMIX{3,4)-20AR(1) .
AL _CONTINVE _
GC T(L 14
11 _AMTIX(3,1) = CN
AFTIX{3,2) = C.C
AMIX(3,3) = -AN — e et et e e =
12 DC 13 J=1,44
AMIX(1q94) = ANSXBAR(I)+BN#YEAR(I)+GN#ZBAR(I)
ANTX(2,4) = BA#X({T4J)-ANeY({],J)
AMTIX{354) = Ghex(I,J)-AN22(1,4)

CALL SINSCLUANTXy3,2)
XPT(J) = AMIX(1,4)=XBAR(I)

YPT{J) AMTX(Z4=)~YBAR(I)
ZPT(J) = AMTX(3,4)

13
14

CONTINUE
AX = XPT(3)-XFTI{1)

BX YPT{3)-YFT(1)
GX ZP7(32)-2PT(1)

AE BNUCX-BXAGN
BE GA#AX-CXuAN_

GE AN#BX-AX%BN
CX 1oC/SCRT(AXS82+4BX#n24CXang)

CE 1eG/SCRT(AE*#2+4BEnRZ+GEw#Z)
cZ l.C/SCRT(AN®¥#2+4PNu22+(CAanz)

(TR U T T TR T X L {0 R 1)

XLx(i) CxaAx
XFX(1) CxsBx .

XANX(1) CxaGx
XLE(T) CExAE

XVE(L) CE#BE
XNE(T) CEsGE

XLz(1) CZzaAN
XVMZ(1) C2%BA

it e njun

16

XNZ(1) = CZ#GN
DC 17 J=1.4

XIK(Igd) = XLXCI)#XFT(JI4XFXLI)RYPT(JI+XAX(T)®ZPT(J)
ETAK(I,Jd) = XLE(T)#XPT{J)+XVE(L)#YPT (J)+XNE(L)#ZPT(J)

-
1

ZETAK(T4d) = XLZUD)SXPT{J)I4XNZ(T1)aYPT(J)+XNZ(1)=ZPT(J)

13
19

CONTINUE — o e e
CCATINUE
RC 31 J=1.APiS

DI(J) = SQRY((XI2(J)-XT1(J))unz+(ETAZUII-ETAL(J) au2)
D2(J) SCRTILIXIZ(JI=-XI2(J))nu24iZTA3(J)~ETA2(J))#n2)

W oKin o

0304} SCRY{(XT4(J)-~XI3(J))enz4 (ETALG(JI-ETAZ(J))#s2)
D4l ) SCRY((XIL(JI-XE4{J))enc+(ETAL{J)-ETAL(J))nu2) _

D5 = (XI3(JI-XT1(J))en2+ (ETAZ(J)I~ETAL(J))wa2
D6 = (X14(J)=X12(J))wa2+(ETA4(J)-ETA2(J))nn2

D7 AMAX1(C5,06)
S 2 S#(XJI(J)-XTI(J))w{ETA2({J)~ETAG(J})

TRV = XI12(J)=XI1(J) .
IF{TRM,EQeCLC)IRK = 1.CE=€6 __ . . . .

EF1 = (ETAZ(J)~LTAL(J))I/TRY
IRM = XI3(J)=-x12(J)

- ——— — N e —— z e e . e 5 % A e e v ——

IF{TRM.EC.C.O0)TR¥ =
EF¥R =

I.CE-é
{ETA2(J)~ETA2{J))/TRY

e d
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: TRM = XI4(J)-X13(J)
IF{TRM.EC.C.O)TR¥ = 1.CE-€
EF3 = (ETA4(J)-ETAZ(J)I/TRF
TRM = XI11(J)-XI14(J}
IF(TRM.EC.C.O0)TRM = 1.CE-€
EM4 = (ETAL(JI-ETA4(J))/IRN . . -

20 DC 3C 1=1,APTS

NELG = 1
XPP = XBAR(IV-XEAR(J)

YPP = YEAR(ID-YEAR(J) .
IPP = ZBAR(I)-ZBAR(J)

YRPP = -YBAR({I)-YEAR(J) _ )
XI1J = XLX(J)aXPP4+XNX(J)¥YPEAXAX(J)w2ZPP

ETAIJ = XLE(J)#XPP+XNME(J)#YFF+XNE(J)*ZPP
ZETATIJ = XL2(JY#XPP+XNZ(J)sYFP4XNZ(J)#ZPF
XIRIJ = XLX(J)#XPP+XMX(J)#YRFO4XAX(J)#ZPF _
ETARIJ = XLE(J)#*XPP+XME(J)eYRPP+XNE(J)#ZPP
ZETRIJ = XLZ(J)#XPP+XN2Z{J)«YRPF+XNZ(J)*2FF .
RL = XIRIJuwz+CTARIJ#a2+2ETRIJua2

RC = XIIJnw2+4EVALIJwez4ZETAL uRz

TIJ = RG/C1T
TRIJ = RI/CT " . L
21 IF(1.NE.J) GC TC 22
VXl = CoC_ _ __
VETA = C.C
YZETA = €.2831853C72 _
GC TL 27

22 1F{T11J.6T.€.C) GC TC 2¢

23 DC 24 K=1l,4

RIJIK) = SCRICIXITIJ=-XIK(JyK))wuZ+(ETAIJ-ETAK({J oK) ) a2+ ZETA[Ju082)

EIJ(K} = ZETATJI®#24 (XITJ-XIK(JoK))nn2

HIJ(K) = (ETATJ-ETAK(J,KI}#(XIId=-XIK{J,K)) L o
24 CCNTINUE

IVMFL = ALCCL(RIJIII4RII(2)-C1I)I/(RIJLLI4RII(2)4CLLINI)I/CLLY)

TFP2 = ALCGUIRIJ(ZI4RIJI(3)-CZLIII/IRIJI2V4RII(2I+C201)))/02(J)

IMP3 = ALCC((RIJIZ)4RIJ(4)I=C2(J))/IRII(3I+RII(4)I4C3(I)))/C3(J)

TFP4 = ALCCUIRIJI4I+RIJLLII=CA(J)I/IRIJL4)+RII(LI+C4(I)))/B4LY)

VXI = (ETAMLJ)-ETAZ(J)IwIMPI4{ETA2{J)-ETA3(J))#INP2+(ETA3(J)~

1 ETA4(J))RTHP2+(ETA4LJ)-ETAL(J))aTNES

VX1 = -VxI

VETA = (XI1{J)-XxI1Z{J)1aTPPI4(XL2(J)~ XI‘(J);*TNP<+(XIB(J) XT4(J))e

1 TNEI{XT4(JI=-XT1(J))=TPF4_ o o

IFIZETALJNELC..) GC TC 25

VZETA = C.C

GC TL 27

25 VZETA = ATAN((EMI*ELJ(L)=FEJ(1))/(ZETATJ«RIJ(LII)=ATANC(EMLOETI(2)
SFIJCZY)ZU2ZETATI*RIJ(2)))+ATAN((EN2#ETJL2)=HIJ(2))/(LETALJ
aRIJUEZ)I) ) -BTANCIENHETI(3)=FTJ(3) )/ IZETALI#RIJI3)) )+
ATANU(EM3WETGL2)-FIJ(2))/IZETALIRIJI3)))I-ATANI(EF3eETI(4)
~FIJ0A) )/ (2ETATJEPTS(4) ) IH4ATANC(EMGRETI(4)-HIJ14))/14ETALY
*RIJU4I V) =ATANCLEMGELI (L) -FIJ(L) )/ (ZETATISRII(LD))

GC. TL_217

26 TMP & SJ/(RZ#SCRT(RL))

VX1 = XIIJuaTVMF

VETA = ETALJ=TMP

VIETA = ZETAfJeIMP

|
1
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PSRRI

27 VX = XLX(J)*VXI+XLE(J)#VETA+XLZ(J)#VZETA
VY = XNX{JJuVXT+XNMELJ)RVETA+XNM2(J)#VZETA e e e e e
VZ = XNX(J)WVXI+XNE(J)*VETA+XNZ(J)*VZEC1A

GC_JL_[(2€:251.NFLC

28 AIJ = XLZ(I)#wX+XMZ(1)uVvY+XNZ(]l)aVZ

NELG =_¢.

X11J = XIRIJ

ET1AIY = ET2RT - e e e e e e e e e e e
LETALJ = ZETRIJ

RC =R . ... ..

TIJ = TRIJ

GC JC 22 ... ..

29 ARIJ = XLZ(I)¥VX-XNZ(I1)aVY4+XNZ(I)wV2Z
Blled) = ALJ+AR]Y

30 CLATINUE
31 CCATIMNGE

e pn o - - =

N1 = NPTS+]
N2 = NPTS+2 .

32 DC 33, I=1,NFTS
BI1,N]) = -XL2(])

BUIyN2) =XN2(1)
33 CCATINUE & .

IF(NPRNT.EC.-) GC TC 28
MPRINT = MINC(NPRNTNETS) _

34 OC 37 I=1,4FPRINT,E
I8 = MINC(I+7,MPRINT)

WRITE{621CC2) I, [8,MFRINT
19G3 FCRMAT(1HF1,44x42KPCTENTIAL FLCw ABCUT A FELICCPTER FUSELAGE //5tLX

1 11FELIJ FUR J =13,42F =13,6F , I = 1-13/)
35 DC 36 _J=1,FPRINT _ |

WRITE(E,1CC4) (B(J,K) K=T1,18)
1G4 FCRMAT(EE1E.S)

36 CCATINUE
37 _CCNTINUE

38 CALL SIMEC
CALL CUTPLE

GC TC 1
ENL

71




,_,’:
: a‘

.

| ik
"

-2

)

1 P

1

! %

$1BFTC ZIZSMEC LIST,REF
C CALCULATICN CF PCTENTIAL FLCh ABOLT A HELICGPTER FUSFLAGE ~— SIMEG
SUBRCUTINE SIMNEQ )

COMMCN X1{1CC3aX201CC) 1 X30LCT) g X4 1C3 Y1 (1CC)4Y2(10C),Y3(1CC),
Y4{1CC),Z1(1CC)42201CC),2311CC),24(100),XBAR{10C),YBAR(1GC}
2 ZBAR({LOU) 1 AMTX(3.04) s XPT(4) (YPT(4) 3 2PT{4) o XI1(1CCY  X1241CC)_ .
e XI2{1CC) g XI4(1CC),ETAL(ICC),ETA2(1C0),ETA3(100),ETA4(10C),
ZETA10100G) 2 2ET82(0C0 )2 2ETA3(10C), 2ETAGLICD) ,XLX(100),
XMX(1CCH o XAX{1CCY,XLE(LCC) o XME(LCG) yXNE(L15C),XLZ{100},
XPZA1CC) « XMZ{1CC),RIJ(4)ETI(4),F1U(4),01(1C0),D2(10C),
C2(1CC)L4(1CC)BLICC,1C2)ySIGXILCO)SIG2{10C)Y,NPTSyNCVCH,
EPSaANsBNsChaAX 1 BXyGX AL BEGECX3CEJCZ4C5:065D72SJaNFLGs
ENY ENZ EN3,ENL XPP,YFP2PP YRPP XTI T1J,ETAIJ,ZETAIJyRL,R1

COMMON XIRJJLETARIJLZZETRIJTIJIRIJ VX, VETA,VIETA,TMP],TMP2,TMP2,

1 TMPGy TNP VUXy VY VZ AL JyARTJoNL N2 AFRNT g MPRAT,NIT

DIMENSICN X{1C2,4),Y(1CC4)32(1CC 4} 1 XIK{1OC,4) ETAX(10C44),

) 2ETAK(1CC,4)
ECUIVALENCE (XyX1)p (Y Y1) o(2921) 0 (XIK,XI1) (ETAK,ETAL), (LETAK,
1 IETAL)
DIMENSICA L1(1C. ), L2 (1C)
1 JS = N1

N AR WA e

1

A N
—
-
]
[»]

pC 6 1
Ultl) =
4 LL 5 )
TERM = —B(1,d)/K(1,1)
e JELI.EQC,J} JERVM = C.C
ULII) = LLUIY4TERMeLL(y)
5_CCANTINVE . ..
ULLI) = LL(TIAB(T,J8) /P (1,1
6 CCATIMNUE
7 GC 1C I=1,MFTS
LE{L2 A1) NELC.CIGE TC 8
TVP = ABS(LZIT)-L1(I))
G6C TC 9 o S ) o
B8 TMP = AES((L2(I)-L1(1))/LZ(1))
9 IF(TMP.GI.EFS) GG IL 1§
1C CCATINUE
e _LF(JS.EC.NZ) CC TC 12
11 BC 12 1=1,AFTS
—eSIGXLIY = L)
12 CONTINLE
JS = N2
GL 1L 2
. L3 LL 14 1=
SICZ(1) =
14 _CCANTINLE
RETURA
15 17 = [T+])
IF (1T.GE.NIT) LC 1C 18
)& DL 17 I=1,NFTS
ity = L1l
17 CONTINLE.
GC TL 3
18 TE(JS.FLLAZ) GC_TL 1S




rm———

16CO FCRMAT (SX48FECLATICNS FCR_SIGMA X CIC NCT CCAVERG

TWRITE(E,1CCC) EPSL,NLT

GE TC wlITHIN F7.4

1 s1zF PER CERT IN
6L TL 11

19 WRITEL€,1CC1) EPSI1,NIT

__16G1 FCRMAT( SX48FEQLATICAS

1 112+ PERCERT 1IN
GC 14 132

I€,11F ITERATICNS 1}

FCR SIGMA Z CIC NCT CCAVERGE YU WITHIN F7.4
1&,11F [TERATICAS )

EMNC
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$1BFTC 22GLT LIST,REF
[ CALCULATICA CF PCTENTIAL FLCw APCLT A FELICGPTER FYUSELAGE — CUTPUT

SUBRCUTINE CLTPUT
CCMMGN X1{1CC),X201CG ) o X211GC Y X4 1GC Y2 (10I),Y2(10C),Y3(20C),

]
% 1 Y4(10C)oZ1(1CC)922¢1CC)2312CC),2411C2)yXBARILICC) YBAR(10C)
; 2 s ZBAR(ICL) s AFTX (344} 4 XPT{4)  YPT(4) 42ZPT(4),XI1110G),X12({100)
ﬁ 2 o XI12{1CQ) X4 (1CO),ETAL(1CO)ETA2(100),ETAZ(1CO),ETAL(LINC),
“: 4 JETAL(100) 525 TA281Cu )22 TA3L1CC) ,2ETALLIGCC) o XEX(LCD),
5 XMXQ12C) o XAXT1CE) o XLECLLC) yXMELLCS) o XNELLCC) ,XLZL1EN),
€ CXMZU1CC)  XNZ(1CO0) REJ(4},ETJ(4),HII(4)4L1{10U) L2010 1),
7 C2(1CCT D41 BI1CC,1C2)9SIGXI1LC)SIGZLLCC) 4NPTSNCVCH,
8 EFS AN BN,GN g AX BX,CX AL BEyGE,CX4CEsCZ4C5:C69DT9SIINFLG,
S ENL ENZ END, NG XFP,YEP, PP yYRPP 4 XI1J,ETALJ,ZETAIJ RS,R]
CCMMCN XIRIJLETARLIJLZEIRLIS,TIJ,TRIJ VX, VETA,VZETA,TMP1,THP2,TMP3,
1 TFP4, TMP VX VY VZ ATJgAKIJ N1 ;N2 sNFRNTFPRATHANIT
LIMENSICH XU1CC 340 Y 01CE4)3201CC4) yXIK{L1CC 41, ETAK(10D,4), L
1 JETAR{1CC,4)
EQUIVALENCE (XoX1) oY, YL) (2,21) ¢ {XIKyXI1) (ETAKETAL), (ZETAK,
. 1 2ETAL)
o 1 PULNCh 1CCC,APIS
a 10CC FCRMAT(22+2Z  HELICLFTER FUSELAGE PRCGRAM 16,22H PCINFS - HARVEY
! - 1SELIB,12X2v22 )
It = 1
—_—de = 2
12 = 3
l4 = 4 - B
2 BC 2 I=14NFTS

. PUNCH. 19Ty XEAR(I)Y,YBARUI)ZBAR(T) 4SIGX(T)4SICZIT)4ZERC,I,11
PUNCE Qe ChaXT1LL) oXT20E) o XT3(D) o XI4U1 ) ETALLL) JETAZ(T) 1512
o PLACK 1CC1ETAZLI)ETA4LEY, 001 ,C2001),0201),C4(1),1,13
PUNCE 1CUl XLECI) o XVECT) o XMELT Yy XLZUL) ,XNMZLE) o XNZLL) 9114
JoCl FCRMATI(EE]LZ.S,16,12)
3 CCATINLE
e NEAGE =_NFPTS/ET
IFINPACFeSC  LI.NPTSINFAGE = NP2CE+1
b DC 5 _I=l.hFACE
Il = 5Ce{i-1)41
12 = MINCIIL+49 .0FPTY)
WRITELESICCZYISTIEY UG SIC2 U w XL 2JY o XMLIUIY o XNLLS) 4 d=11,12)
CLGC2 FCRMAT{IR]1 ;04X42FFCTEATEAL FLCW APCLT A FELICCPTER FUSELAGE //18X
1 TESICMA X, 18X TESICM2 Z,12X11FLANACA ZuTA, L14XTHNL ZETA,15X
A TENL 7678 7 Qeel.444822.8) )
S CUNTIACE
RETURN
ENL
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[ o] [ ] e o
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$IBFTC GBSIMS -
SUBROUTINE SIMSOL(A,XK,LL) k9 001

_ . _DIMENSION A(LL,LL) . , R
C KK- SIZE TO SDLVE , LL 1ST DIMENSION OF A IN MAIN PROGRAM 19 003

WN=KK . . . . . Cl19 . 004
L=1 - C19 005
NL=N+1 £1S 006

10 Ll=L+1 219 007
) IF(L-N)21,21,50 o C19 008
21 K=0 €19. 009
816=0.0
D3 25 I=L,N 19 0Ol0

e LZABS(ALLLL)) —
IF (Z.LE.BIG) GD 70 25

K=1
BIG=Z
25 CONTINUE Cl19 Ol
26 IF (BIG.LE.0.0) CALL DUMP
¢ DETERMINANT= 0 ,MQ SILUTION o £19_016
32 IF(K-L)26,40,35 C19 o017
35 D3 37 J=L,N\i C19 018
B=A(K,J) C19 019
. A(KyJ)=ACL, ) - Cl9 .020
AlL,J)=8 c19 o021
37 CINTINUE £19 022
40 D3 41 J=L1,Nl1 €19 023
Gl AlLeJd)= ALy J)/ALL,L) . e . . Cl9. 024 .
42 A(L,L)= 1. C19 025
_ IF(L-N)43,50,26 _ £19 026
43 DD 48 I=L1,N C19 027
IF(A{L:4)144.48,44% C19 028
44 DO 45 J=L1,NL Cl9 029
.45 ALDad)= ALD4d)- ALL.JI®A{T,L0). .. C19 030
48 CONTINUE C19 031
RN N © § . . ... L19 .032.
60 TO 10 C19 033
50 N2=N-] C19 03
IF(N2)51,51,51 C19 035
51 DQ 60 I12=1,N2 .. C19. 036
I=N-12 C19 037
Ii=1+1 C19 038
D3 59 J=I1,N C19 039
IF(ALi,4))58,59,58 e £13 _040.
58 A(T,NL)= AUI,NL)-ATl,JicA(J,R1) C19 04l
____59 CONTINUE _ _ C19 042
60 CINVINUE C19 043
. _.61 RETURN . C19 044
END
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